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PROJECT  PROCEDURES 

This  topic  may  seem  to  be  an  unusual  way  to  open  a  course  on  Sewer 
Design;  but  hopefully,  after  I  have  finished  my  presentation,  you  will  see 
why  it  has  been  included,  and  the  important  relationship  between  what  you 
are  doing  (i.e.,  designing  the  project),  and  what  others  are  doing 
concurrently  (i.e.,  processing  the  project  through  the  required  channels). 

Procedures  are  frequently  referred  to  as  "Red  Tape",  and  indeed 
this  is  what  it  seems  like.   I  personally  find  red  tape  very  frustrating, 
but  sometimes  when  you  analyze  procedures  step  by  step,  it  becomes  evident 
that  it  is  all  part  of  the  democratic  procedure. 

It  must  be  recognized  that  as  individuals  we  are  not  likely  to  bring 
about  any  major  procedural  changes;  as  many  of  them  are  laid  down  in 
Provincial  Acts  such  as  the  Local  Improvement  Act,  and  Expropriation 
Procedures  Act,  etc.   Hence,  our  job  should  be  to  understand  the  procedures 
as  well  as  possible,  and  by  understanding  them  we  can  guide  the  project 
through  the  maze  in  the  most  efficient  manner,  and  with  a  minimum  of  time 
Idss. 

The  degree  to  which  you  will  be  exposed  to  the  procedural  steps 
depends  to  a  large  extent  on  the  size  of  the  Municipality  you  work  for, 
and  whether  you  are  Municipal  staff  or  a  Consultant  working  for  a  Municip- 
ality.  I  should  like  to  point  out  that  working  for  a  Consultant  does  not 
mean  that  you  are  not  involved  with  project  procedures.   Actually,  the 
procedures  can  be  even  more  complex  far  a  Consultant;  as  he  is  working 
with  different  Municipalities,  each  one  having  its  own  method  of  handling 
the  project  with  respect  to  approvals.   In  Scarborough  we  frequently  have 
Consultants  propose  schedules  for  design  and  construction  which  are  most 
unreasonable,  simply  because  they  lack  the  knowledge  on  the  multitude  of 
steps  a  project  must  follow  prior  to  actual  construction. 

In  the  large  Metro  areas,  frequently  there  are  administrative 
sections  of  which  one  of  their  functions  is  to  carry  Dut  certain  of  the 
procedural  steps  in  local  improvements  and  capital  works.   In  smaller 
Municipalities  this  work  may  be  handled  by  the  Clerk  himself  in  conjunction 
with  the  Engineer;   but  regardless,  it  usually  seems  that  the  Engineer  acts 
as  the  catalyst  in  directing  the  project  through  the  appropriate  stages. 

It  seems  that  everything  in  life  is  constantly  becoming  more 
complicated,  and  nowhere  is  this  more  true  than  in  the  field  of  government 
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projects.   Gone  are  the  days  when  a  Municipal  Engineer  could  decide  what 
Bhould  be  done  in  terms  of  improvements  in  the  municipality  such  an  road 
widenings,  sewers  etc.,  and  obtain  Council  approval,  then  proceed  with  the 
uork  with  minimal  interference  by  the  public-  The  days  of  participatory 
democracy  and  public  involvement  are  nou  with  us.   We  are  now  dealing  with 
an  enlightened  public.   Unfortunately,  public  involvement  is  more  often 
than  not  negative;  or  in  the  form  of  opposition  to  the  project.   Rarely 
is  there  much  involvement  from  those  in  favour  of  a  project.   Senior  levels 
of  government  are  putting  more  power  into  the  hands  of  the  people.   IF  we 
need  an  easement  for  a  sewer,  no  longer  is  it  a  simple  matter  to  expropriate 
the  land  and  count  on  possession  in  perhaps  one  month.   The  Expropriations 
Act  has  been  changed  considerably,  now  providing  for  public  hearings  as  to 
the  necessity,  and  fairly  long  proceedings  such  that  it  can  now  take  9  to  1G 
months  or  more  to  expropriate  an  easement. 

This  is  only  one  example;  but  what  all  this  points  out  is  that  since 
public  opposition  is  so  prevalent  on  our  work  today  and  the  individual  has 
so  many  more  rights,  we  must  proceed  very  carefully  with  our  plans  and 
designs,  and  in  strict  accordance  with  all  Acts  or  Procedures  which  are 
laid  down.   A  mistake  discovered  mid-way  through  an  expropriation  proceeding 
can  mean  that  the  whole  procedure  must  be  started  over.   This  is  not  only 
embarrassing  to  the  Municipality,  but  time-consuming,  and  it  can  be  very 
costly. 

Obviously  in  the  space  of  one  hour  it  is  not  possible  for  me  to 
cover  all  aspects  of  the  various  Municipal  procedures.   They  will  of  course 
vary  significantly  from  area  to  area,  and  project  to  project;  and  for  this 
reason  it  is  not  my  intent  to  get  too  detailed  or  specific.   Anything 
presented  in  this  paper  should  be  considered  of  a  general  informative 
nature,  and  is  not  intended  for  specific  uses. 

I  will  attempt  to  give  a  general  insight  into  the  methods  of  financing 
municipal  projects,  outline  some  of  the  more  commonly  used  Local  Improvement 
Act  procedures,  and  the  Expropriation  Act  procedures. 

Dn  the  flow  chart  which  I  will  distribute  at  the  course,  I  will  attempt 
to  show  schematically  how  these  various  procedures  fit  into  the  flow  of  a 
project,  and  to  show  how  they  can  influence  the  timing  of  construction. 

Procedures  could  arbitrarily  be  broken  down  into  three  categories, 
as  follows  :- 

1.  Design  approvals. 

2.  Financial  approvals 

3.  Miscellaneous  procedures. 
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Under  the  heading  of  "Design  Approval"  I  would  include  such  things 
as  Ministry  of  the  Environment  (formerly  Ontario  Water  Resources  Commission) 
approval,  Ministry  of  Transportation  &  Communications  approval,  and  in  ths 
Metro  area  on  sewer  projects,  Metro  Dorks  Department  approval  is  requirri!, 
Special  projects  will  frequently  require  design  approval  from  other 
Authorities,  depending  on  the  area  you  are  working  in,  and  the  nature  of  !l\: 
project;   but  I  can  only  speak  from  experience  in  the  Metro  Toronto  nren. 

Generally  speaking,  design  approvals  are  relatively  straightforward 
to  obtain,  and  do  not  involve  long  periods  of  time.   Our  experience  in 
Scarborough  is  that  all  design  approvals  can  normally  be  obtained  within 
3-4  weeks  after  applying. 

Financial  aoprovals  can  be  considerably  more  time-consuming  than 
the  design  approvals.   The  method  of  financing  chosen  for  the  project  has 
much  to  do  with  the  required  procedures.   Any  projects  which  are  financed 
from  Current  Funds  or  Current  Reserve  Funds  normally  only  need  Council 
approval  of  the  expenditure,  together  with  the  necessary  design  approvals, 
before  getting  underway. 

However,  most  large  scale  projects  are  financed  as  Capital  Works. 
Under  the  general  heading  of  'Capital  Works'  there  are  two  main  methods 
of  processing  projects,  both  of  which  involve  the  sale  of  debentures  to 
raise  the  money  for  the  project,  require  D.M.B.  approval,  and  again  in  the 
Metro  Toronto  area  approval  to  debenture  a  project  is  required  from  the 
Metropolitan  Corporation.   These  methods  are  as  follows: 

1.  Local  Improvements:  Such  projects  as  sidewalks,  curbs,,  local 

sewers  and  watermains,  and  house  connections,  are  frequently  undertaken 
as  local  improvements  and  a  portion  or  all  of  the  cost  is  directly 
assessed  against  the  benefitting  properties.   Generally  the  sum  of 
the  Corporation  and  Owner's  share  (i.e.,  the  total  cost  of  the  work 
less  the  subsidy)  is- financed  through  the  sale  Df  debentures.   To 
undertake  a  project  as  a  local  improvement  requires  that  all 
procedures  outlined  in  the  appropriate  section  of  the  Local  Improve- 
ment Act  bE  followed.   Later  in  this  article  I  outline  briefly  some 
of  the  procedures  required  by  Sections  12  and  B  of  the  Local 
Improvement  Act. 

2.  Capital  Projects  are  different  from  Local  Improvement  projects  in 
that  none  of  the  cost  Df  the  work  is  directly  assessed  to  abutting 
owners. 
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Typical  projects  tn  be  financed  this  way  are  trunk  storm  anu 
sanitary  sewers,  watercourse  improvements,  and  major  roadways 
and  trunk  watermains.   The  money  for  the  work  is  raised  through 
the  sale  of  debentures  with  annual  repayments  over  the  debenture 
term  from  the  general  tax  rate. 

An  indication  of  the  timing  required  to  obtain  the  various  financial 
approvals  is  shown  on  the  flow  chart. 

Under  the  heading  of  "Miscellaneous  Procedures"  I  would  include 
such  things  as  expropriation  of  land,  acquisition  of  railway  pipe  crossing 
agreements,  and  Canadian  Transport  Commission  approval  of  rnad  crossing  of 
railway  tracks,  and  numerous  others  which  will  be  peculiar  to  a  particular 
job.   Again  later  in  this  article  I  have  outlined  some  of  the  procedures 
to  be  followed  under  the  new  Expropriation  Act,  and  on  the  flow  chart  have 
shown  indications  of  time  requirements  far  some  of  the  miscellaneous 
procedures. 

LOCAL  IMPROVEMENT  ACT: 

Section  12  Procedures:  (for  use  when  Council  is  proceeding  under  the 

Initiative  Plan). 

List  all  the  projects  which  are  approved  by  Council  for 
construction  in  a  particular  year  and  to  be  financed  through 
the  sale  of  debentures.   Normally  the  projects  arc  grouped 
in  the  list  according  to  type  (i.e.,  watermains,  sewers)  and 
method  of  payment  (i.e.,  Local  Improvement  or  Capital  project 
etc.).  This  step  in  itself  is  not  part  of  the  Section  12  Procedures 
but  is  done  with  a  view  to  obtaining  Bulk  Approval  of  the  budget 
from  Ontario  Municipal  Board. 

O.M.B.  Bulk  Approval  of  this  list  is  obtained. 

An  Engineer's  Report  is  prepared  for  each  local  improvement 
project  on  the  list.  (See  typical  examples  attached). 

Dn  each  project  letters  are  sent  to  all  the  effected  owners, 
advising  them  of  the  work  and  giving  them  30  days  in  which  to 
object,  if  they  wish. 

If  less  than  a  majority  of  owners  representing  at  least  half 
the  value  of  the  lots  liable  to  be  assessed  abject,  then  after 
passing  a  Construction  By-Law,  the  project  construction  can 
proceed. 
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If  sufficient  objections  are  received  to  hold  up  the  project, 
the  Clerk  must  report  to  Council,  and  Council  decides  whether 
to  drop  the  project  or  proceed  under  Section  8  of  the  Local 
Improvement  Act. 

SECTION  6  PROCEDURES: 

If  Section  B  ts  selected  originally,  or  if  it  is  decided  to  use 
Section  8  after  having  been  turned  down  using  Section  12,  the  following 
procedures  are  to  be  adhered  to; 

Council  must  approve  the  project  as  u   Local  Improvement  by  a 
vote  of  2/3  of  all  Members. 

It  is  necessary  to  publish  notice  of  intention  to  apply  for 
O.M.B.  approval  of  the  project  in  the  local  papers,  once  a 
week  for  two  weeks. 

Any  owner  has  21  days  from  the  date  of  the  first  notice  to 
file  an  objection. 

If  there  are  no  objections,  O.M.B.  approval  is  normally  received 
and  it  is  then  necessary  to  pass  a  Construction  By-law. 

If  there  are  objections,  there  will  normally  be  an  O.M.B.  Hearing, 
It  can  take  a  few  months  to  obtain  a  Hearing  date,  and  the 
Municipality  must  prepare  and  present  a  formal  presentation 
at  the  Hearing.   If  after  the  Hearing  the  O.M.B.  approval  of 
the  project  is  received,  a  Construction  By-law  is  passed  and 
the  construction  can  proceed. 

EXPROPRIATION  PROCEDURES: 

Prior  to  the  passing  of  the  New  Expropriation  Act,  all  that  was 
necessary  for  a  municipality  to  obtain  land  or  easements  was  for  Council 
to  authorize  the  land  acquisition,  survey  the  property,  and  prepare  and 
file  an  expropriation  plan,  and  take  possession;   the  procedure  could  be 
carried  out  in  as  little  time  as  one  month. 

Under  the  new  Act,  which  is  now  in  effect,  the  following  is  an 
□utline  of  the  procedures  which  must  be  followed  to  acquire  easements 
or  ownership. 
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1.  Notify  all  owners  in  writing  of  the  Municipality's  intent 
to  expropriate. 

2.  Concurrent  with  1  above,  an  ad  is  placed  in  the  local  newspapers 
and  is  published  weekly  for  3  consecutive  weeks.   This  ad  advises 
of  the  Municipality's  intent  to  Expropriate. 

3.  The  owners  are  given  3D  days  in  which  to  file  an  cbjECtiDn  and 
request  a  Hearing. 

k.  If  a  Hearing  is  requested,  it  must  be  arranged,  arid  it  can  take 

5  or  6  weeks  to  get  a  Hearing.   The  purpose  of  the  Hearing  is  to 
determine  whether  the  taking  of  the  property  by  the  expropriating 
authority  is  sound,  just,  and  reasonably  necessary. 

5.     The  Municipality  must  prepare  grounds  upon  which  it  intends  to 
rely  at  the  Hearing  (i.e.,  why  the  land  is  being  taken).   This 
requires  preparation  of  plans,  documentation  of  evidence,  and 
other  rather  extensive  preparations,  all  with  a  view  to  providing 
proof  at  the  Hearing  that  the  taking  of  the  land  is  reasonably 
necessary. 

G.     Ths  Hearing  is  held,  and  the  Inquiry  Officer  who  runs  the  Hearing 
prepares  a  report  after  the  Hearing, with  his  recommendations. 
This  is  forwarded  to  Council  and  can  take  2   or  3  weeks  to  obtain. 

7.     The  owners,  or  all  parties  at  the  Inquiry,  are  advised  of  Council's 
recommendation  with  respect  to  the  expropriation.   Up  to  90  days 
are  allowed  for  this  purpose,  but  it  normally  is  done  immediately. 

B.     The  Expropriation  By-law  is  passed. 

9.     The  Expropriation  Plan  is  filed  in  the  Registry  Office. 

10.  Within  30  days  of  registering  the  Expropriation  Plan,  all  the 
owners  affected  are  sent  a  Notice  of  Expropriation,  Notice  Df 
Election  as  to  date  when  owner  wishes  to  fix  compensation,  and 
a  copy  of  the  Expropriation  Plan. 

11.  90  days  after  the  mailing  of  the  information  referred  to  in 
10  above,  possession  is  obtained. 

12.  An  offer  of  compensation  must  be  made  in  the  90  day  interval 
referred  to  in  11  above. 
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At  this  stage  of  the  procedures  we  have  possession  of  the  land, 
uhich  is  our  major  consideration  as  Far  as  construction  planning  is 
concerned.   It  is  interesting  to  note,  however,  that  there  are  still 
further  steps  to  be  taken  by  those  responsible  for  acquiring  the 
land. 

It  is  very  important  to  note  with  respect  to  all  the  foregoing, 
that  if  at  any  paint  in  the  above  procedures  it  is  decided  that  ..say., 
a  little  mare  land  is  required  ..  then  it  is  necessary  to  start  duct 
on  the  entire  procedure,  thereby  delaying  the  project  several  months. 
Hence,  it  is  most  important  when  initially  establishing  land  requirements 
to  ensure  that  they  are  correct. 

The  total  time  elapsed  for  an  expropriation  procedure  is  a 
minimum  of  approximately  6  months  -  if  no  inquiry  is  required.   If 
an  inquiry  is  required,  the  total  time  uiill  be  9  months  minimum. 


■ 
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BOROUGH  OF   SCARBOROUGH 

FILE  NO. 
Works   Department 

ENGINEER'S   REPORT  ON    LOCAL    IMPROVEMENT 

DATE 


To  the  Mayor  and  Council, 
Borough  of  Scarborough, 

I  recommend  that  the  following  work  be  constructed  as  a  Local  Improvement 
under  the  provisions  of  the  Loral  Improvement  Act,  the  said  work  being,  in  my 
opinion,  necessary. 

Method  of  Procedure--     Section  12,  Local  Improvement  Act 

Nature  of  Improvement--    Sidewalk 

Street  Danzig  Street  (both  sides) 

From      (N/S)   Kitchener  Rd.  to  E.L.  #30  Danzig  St. 
(S/S)   Poplar  Rd.  to  U.L.  #27  Danzig  St. 

AW 


Length  of  Work   720  ft. 

The  rea]  property  which  will  be  immediately  benefitted  is  the  property 
fronting  or  abutting  the  portion  of  the  street  named  above  and  is  the  land  to  be 
assessed. 

The  probable  cost  of  the  work  is  $3,960.00  and  the  estimated  lifetime 

is  11     years.    The  debentures,  bearing  interest  at    _  7  per  cent, 

are  to  extend  over  a  period  of  10.  years.   The  proportion  of  the  cost  to 

be  assessed  against  the  property  benefitted  is  $  6<*7.DD   and  the  remaining 
$3,113.00    which  is  made  up  of  intersection,  flankage  and  50%  of  owners  normal 
share  of  the  cost 

is  to  be  borne  by  the  Borough. 

The  proportions  in  which  the  said  assessment  should  be  made  on  the  various 
portions  of  the  lands  benefitted  as  aforesaid  Ls  an  equal  rate  per  foot  according 
to  frontage.   The  assessable  frontage  is    306  feet,  and  the  non -assessable 
frontage  is    <*W         feet  which  is  made  up  of   intersection  and  flankage. 


The  probable  cost  of  the  work  per  foot  is  $  5. 50      and  the  probable 
cost  per  foot  of  frontage  is  $   2.75      and  the  annual  special  rate  18.39$ 
per  foot  of  frontage. 


18-0G-031A 


COMMISS TONER    OF   WORKS. 


-   9   - 

borough  or  sewftROUGii 

fit.?;  mo. 

Works  Department 
ENGINCrR'S   REPORT   ON    IACAT,    rMlWWEMEMT 

mrr. 


To  the?  Mayor  and  Council, 
Borough  of  Scarborough. 

T  recommend  that  the  following  work  be  constructed  as  a  Local  Improvement 
under  the  provisions  of  the  Loral  Improvement  Act,  the  said  work  being,  in  my 
opinion,  necessary. 

Method  of  Procedure--   Section  12,  Local  Improvement  Act 

Nature  of  Improvement-- Storm  &  Sanitary  Severs 

Street         Marilyn  Avenue 

from  Kennedy  Road 

To  ApprDX.  B'tD  ft.  easterly 

Length  of  Work   855  ft. 

The  real  property  which  will  be  immediat ely  benefitted  is  the  property 
fronting  or  abutting  the  portion  of  the  street  named  above  and  is  the  land  to  be 
assessed. 

The  probable  cost  of  the  work  is  $60, 700. DO  and  the  estimated  lifetime 
is       16        years.    The  debentures,  bearing  interest  at    TA    per  cent, 
are  to  extend  over  a  period  of     ^    years.   The  proportion  of  the  cost  to 
be  assessed  against  the  property  benefitted  is  $1<+  ,6C0.00and  the  remaining. 
$46,100.00   which  is  made  up  of  intersection,  Flankane  and  oversize  is  to  be 
borne  by  the  Borough.   Of  the  Borough  share  of  $^6, 100. DO,  $1<4,70D.OO  is  expected 
to  be  recovered  by  M.T.C.  subsidy 

The  proportions  in  which  the  said  assessment  should  be  made  on  the  various 
portions  of  the  lands  benefitted  as  aforesaid  is  an  equal  rate  per  foot  according 
to  frontage.   The  assessable  frontage  is  'U6Q    feet,  and  the  non-assessable 
frontage  is    260    feet  which  is  made  up  of  intersection  and  flankage. 

The  probable  cost  of  the  work  per  foot  is  $  70.99     and  the  probable 
cost  per  foot  of  frontage  is  $10.00        and  the  annual  special  rate  is   1.11xx 
per  foot  of  frontage. 
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ELEMENTS  OF  GOOD  DRAWINGS 

INTRODUCTION 

The  value  of  an  engineering  drawing  lies  in  the  ability  of  the 
designer  to  convey  his  thoughts  in  a  graphic  language  to  others  with 
limited  time  who  must  have  the  necessary  information  to  construct  the 
service,  structure  or  machine  envisaged  by  the  designer. 

There  are  many  users  of  the  engineering  drawing.  The  estimator 
must  use  the  drawing  for  preparation  of  costs  for  budgeting  or  tendering 
purposes.  The  lack  of  information  or  incorrect  information  on  a 
drawing  can  lead  to  embarrassing  situations  for  those  who  must  make 
financial  arrangements  for  the  project.  Extra  costs  for  items  not 
shown  can  be  quite  substantial  and  exceed  budget  limitations  at  times. 
Tenders  can  be  unbalanced  by  errors  on  the  drawing.   If  an  error  of  k" 
in  thickness  of  asphaltic  concrete  surfacing  were  made  on  a  drawing, 
the  cost  difference  would  be  over  $5,000  on  one  mile  of  a  50-foot  wide 
paved  road  or  $1  per  foot. 

The  surveyor,  who  must  do  the  construction  layout,  requires 
accuracy  of  dimensions  in  order  to  ensure  that  every  line  and  grade  is 
properly  set.  Many  errors  in  drawings  reveal  themselves  at  this  stage 
which  can  lead  to  costly  confusion. 

The  contractor  who  must  construct  the  work  requires  total  infor- 
mation so  that  he  may  order  the  right  type  and  quantity  of  materials, 
supply  the  proper  machinery  and  employ  the  required  number  of  men. 

The  project  engineer  and  inspector  who  oversee  the  total 
performance  of  the  contractor,  compile  reports  for  progress  of  work  and 
for  payments  must  have  complete  drawings  and  cannot  ask  for  items  to  be 
constructed  that  are  not  shown  unless  costly  extras  are  allowed. 

In  summary  then,  the  drawing  should  be  accurate  in  dimensions 
and  spelling,  clear  in  concept,  easily  understood,  neat  in  layout  with  good 
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penmanship  and  complete  in  all  respects . 

THE  ELEMENTS 

Since  the  persons  attending  this  course  are  designers  and 
engineers  with  considerable  experience,  not  too  much  time  will  be  spent 
on  lines  and  lettering  which  are  the  basic  elements  of  drawing.  However, 
perhaps  we  could  touch  on  a  few  of  the  highlights  of  lines  and  lettering 
for  a  moment. 

LETTERING 

Lettering  should  be  consistent  in  size  for  similar  items. 
Items  of  greater  importance  can  be  emphasized  with  bold  large-sized 
letters.  Several  different  sizes  and  weights  of  lettering  could  be 
used  on  one  drawing  but  all  should  be  selected  with  due  consideration 
for  the  size  and  purpose  of  the  plan  to  be  drawn.  There  is  an  unlimited 
variety  of  sizes  and  styles  of  letters  available  with  much  work  being 
done  mechanically  but  all  should  be  clear  and  legible. 

SLIDE  NO.  I   (FIGURE  NO.  I) 

This  slide  shows  template  sizes,  pen  numbers  and  indicates  by 

asteriskes  the  recommended  pen  for  the  particular  letter  although  other 

pen  sizes  could  be  used.  The  entire  alphabet  is  not  represented  but  it 

might  be  well  to  mention  that  each  letter  has  a  defined  shape.   For 

example,  the  horizontal  bar  on  A  is  below  centre,  whereas  for  E  and  F, 

the  bar  is  slightly  above  centre.  It  may  seem  elementary  but  each 

draftsman  should  memorize  the  proper  shape  and  proportion  of  each  letter 

to  achieve  good  balance  for  freehand  lettering. 

LINES 

In  general,  lighter  lines  are  used  for  dimension  lines,  centre 

lines  and  existing  conditions.  Medium  weight  lines  are  used  for  such 
things  as  street  lines,  building  outlines  and  heavy  lines  for  proposed 
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works  on  contract  drawings .  Some  offices  have  a  table  of  standard 
weights  of  lines  to  be  used  by  all  draftsmen  for  uniformity  and  clarity. 
It  would  be  impractical  for  me  to  suggest  a  particular  line  weight  for 
every  case  but  the  end  product  should  have  a  well-balanced  appearance. 
Certain  types  of  dotted,  dashed  or  a  combination  of  both  dots  and  dashes 
are  commonly  used  to  represent  specific  items  such  as  Bell  Canada  cables, 
Consumers'  Gas  lines,  sewers,  watermains,  etc.,  and  vary  from  one 
municipality  to  the  next.  The  Metropolitan  Toronto  Public  Utilities 
Co-ordinating  Committee  has  issued  a  Technical  Legend  in  an  attempt  to 
standardize  these  within  the  Metropolitan  area.  A  copy  may  be  obtained 
from  the  Municipality  of  Metropolitan  Toronto  Roads  Department. 

LAYOUT  (SLIDE  NO.  2)  (FIGURE  NO.  2) 

Our  experience  indicates  that  many  draftsmen  have  on-the- 
job  training  only  and  lack  formal  academic  training  in  such  things  as 
orthographic  projection  and  pictorial  representation.  This  slide  is 
intended  to  represent  a  poor  drawing  illustrating  some  of  the  most 
common  errors  that  occur.   For  example: 


1.  Layout  -  views  in  the  wrong  angles. 

2 .  Dimensional  errors 

3 .  Arrowheads 

■+.  Tangent  points  to  circles 

5.  Cross-overs   at  corners 

6 .  Smudges 

7.  Inconsistent  letters  -  capital  &  lower  case  in  the  same 

word 

8.  Spelling  errors  -  orthographic 

9.  Notes  randomly  placed 

10.  Insufficient  information  to  construct  the  object 

11.  Poor  spacing  of  lettering 

12 .  Radius  wrongly  shown 
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ORTHOGRAPHIC  PROJECTION  (SLIDE  NO.  3)  (FIGURE  NO.  3) 

The  same  object  is  shown  here  properly  drawn: 

1.  Correct  orthographic  projection 

2.  Correct  dimensions 

3.  Proper  arrowheads 

M-.  Tangent  point  to  circle  correct 

5.  Corners  not  over-extended 

6 .  Clear  -  no  smudges 

7.  Good  selection  of  letter  sizes 

8 .  Correct  spelling 

9.  Notes  well-placed 

10.  Complete  information  to  construct 

11.  Consistent  letter  spacing 

12.  Radius  correct. 

The  notes  in  the  lower  part  of  the  drawing  were  made  with 
reference  to  the  contents  of  the  Title  Block. 

"Where"  refers  to  the  location  of  the  work  to  be  constructed. 
On  a  municipal  engineering  drawing  this  would  be  placed  where  "Ortho- 
graphic Projection"  is  noted  on  this  drawing  and  identifies  the  site 
of  the  works  to  be  carried  out. 

"What"  in  event  that  it  is  an  object  such  as  a  manhole,  catch 
basin,  etc.,  without  a  particular  designated  location  would  be  placed 
in  the  main  part  of  the  Title  Block  to  identify  the  particular  object. 

"Who"  refers  to  those  persons  involved  in  the  production, 
design  and  approval  of  the  drawing.   If  questions  regarding  the  intent 
of  the  drawing  arise,  it  is  an  easy  matter  to  trace  the  parties  respon- 
sible from  the  signatures  in  the  Title  Block.   Usually  the  draftsman, 
or  designer,  plans  examiner  and  engineer  will  be  required  to  sign  a 
drawing.  The  status  of  drawings  without  signatures  is  questionable 
and  can  cause  problems . 

"When"  refers,  of  course,  to  the  date  of  production  of  the 
drawing  and  is  an  important  item  to  be  included.   Dates  become  especially 
important  on  drawings  when  the  drawings  are  incorporated  as  a  part  of 
contracts  or  subdivision  agreements.  After  execution  of  such  documents, 
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revisions  to  any  drawings  which  form  a  part  of  the  contract  or  agreement 
are  invalid  unless  legalized  by  both  parties  to  the  contract  or  agreement. 

The  "Drawing  Number"  is,  of  course,  necessary  and  important 
for  ready  reference,  filing,  etc.  There  are  many  systems  used  for 
numbering  of  drawings,  some  of  which  use  a  letter  to  designate  a  standard 
paper  size.  Some  use  the  year  (i.e.  "71").  others  use  letters  and 
numbers  for  many  purposes  of  identification  such  as  "S"  for  sewers 
and  "R"  for  roads.  The  systems  and  their  merits  are  too  numerous  to 

mention  here. 

"Revisions"  to  drawings  should  always  be  noted  and  dated  and 
are  usually  placed  in  a  column  provided  above  the  Title  Block.  What 
appears  to  be  a  minor  revision  to  a  draftsman  by  the  change  of  a 
dimension  or  line  can  be  of  major  consequence  to  the  users  of  the 
drawing.   For  instance,  we  recently  altered  the  width  of  Scarborough 
sidewalks  from  4-'  6"  to  S'O"  and  when  we  consider  that  10  to  15  miles 
of  sidewalks  are  constructed  annually  in  Scarborough,  a  considerable 
amount  of  money  is  involved  due  to  this  change.   We  compensated  to  a 
large  degree  for  this  additional  width  by  decreasing  the  depth  of  walk 
required  at  most  driveways. 

This  is  a  relatively  simple  object  to  draw  -  complicated  objects 
are  usually  a  combination  of  many  simple  objects.   In  order  to  convey  the 
complete  picture  to  others,  I  believe  it  is  essential  for  draftsmen  to 
familiarize  themselves  with  orthographic  projection.   Incidentally, 
there  are  six  possible  views  -  plan  (top),  left  side,  right  side,  front, 
rear  and  bottom.  Seldom  are  all  six  views  used.  An  excellent  reference 
text  for  increasing  your  knowledge  of  formal  drafting  practices  is 
"Engineering  Drawing"  by  Thomas  French  and  Charles  Vierck  published  by 
McGraw  Hill  Company.  This  reference  text  covers  everything  in  drafting 
including  Instruments  and  Their  Use,  Applied  Geometry,  Othographic 
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A  growing  credibility  gap  between 
deciders  and  manufacturers  likely 
will  result  in  another  year  of  zero 
production  for  the  widgef.  industry. 

The  designers  claim  that  their  latest 
model,  featuring  the  newly  invented 
eccentric  triprong  (above  right),  rep- 
rcicnts  the  ultimate  in  elegant  com- 

10S 


plexity,  and  they  can't  understand  the 
production  delay. 

But  plant  managers  sny  that  while 
the  ends  of  the  new  device  are  simple 
enough  to  make,  they  still  are  having 
trouble  with  the  middle  sections. 

Marketing  men  report  that  the 
ambihelical  hexnut  (above  left),  once 
considered    a    major    breakthrough, 


is  not  living  up  to  expectations. 

The  internal  wrangling  over  design 
is  compounded  by  the  fact  that  no  one 
has  yet  figured  out  a  use  for  widgets, 
which,  of  course,  makes  them  difficult 
to  sell.  Unless  these  problems  can  be 
sorted  out  soon,  experts  fear  that  the 
entire  widget  industry  will  degenerate 
'  into  utter  chaos. 
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Projection,  rictorial  Drawing  and  Sketching,  etc.,  and  is  well  worth 
having  available  in  a  drawing  office  not  only  for  the  novice  draftsman 
but  also  as  a  ready  reference  to  the  experienced  draftsmen  for  some 
things  they  may  have  long  forgotten. 

PRACTICAL  DRAWINGS  (SLIDE  OF  WIDGET  NO.  4)  (FIGURE  NO.  4) 

We  must  always  keep  in  mind  that  the  drawing  must  show  an 
object  which  can  in  fact  be  constructed.   Some  difficulty  was  experienced 
in  production  of  this  eccentric  triprong  with  ambihelical  hexnuts . 
As  noted  on  the  bottom  of  the  slide,  no  one  has  found  a  use  for  this 
object.   If  you  look  at  the  Widget  carefully,  you  might  notice  that  it 
changes  in  character.   I'll  leave  the  interpretation  of  this  drawing  to 
you  -  the  main  point  we  wish  to  convey  to  you  is  that,  generally,  someone 
else  must  be  able  to  construct  the  object  envisioned  by  the  designer. 

SLIDE  NO.  5  (FIGURE  NO.  5) 
The  designer  of  public  works  projects  should  be  familiar  with 
the  field  conditions  of  the  site  of  the  proposed  works.  A  few  minutes 
spent  outside  will  not  only  be  most  informative  but  also  give  some 
appreciation  of  the  problems  of  those  who  must  construct  the  project. 
A  single  line  on  a  drawing  could  represent  a  pipe  line  6"  to  18"  in 
diameter  and  be  readily  drawn  to  miss  all  other  objects.  One  must  keep 
in  mind  the  size  of  trench  required  to  install  such  a  pipe  and  allow 
not  only  for  the  pipe  size  but  also  the  full  width  of  the  trench  to 
avoid  adjacent  objects. 

In  viewing  this  slide,  it  can  be  seen  that  the  field  condition 
could  be  somewhat  different  than  that  envisaged  by  someone  in  the  office 
who  might  be  unfamiliar  with  the  site.  This  trench  has  been  designed  for 
a  trench  condition  which  will  be  ideally  suited  for  a  particular  pipe 
classification  and  type  of  bedding.   However,  although  the  drawing  is 
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exaggerated,  site  and  soil  conditions  may  not  allow  for  ideal  design 
and  possibly  the  pipe  and  pipe  bedding  should  have  been  designed  for  an 
embankment  condition.  Embankment  condition  designs,  as  you  will  hear 
later  this  week,  require  stronger  pipes  and  different  bedding  considerations, 

In  the  second  part  of  the  slide  we  note  that  the  bedrock 
denoted  by  the  hatched  lines,  is  nicely  formed  like  a  brick  wall  which 
will  rarely  be  the  case.  The  retaining  wall  has  been  designed  to  fit 
this  natural  configuration  allowing  the  minimum  of  concrete  for  construction. 
No  allowance  for  excavation  or  other  backfill  has  been  made.  Here  again, 
the  site  shown  in  reality  exaggerated  though  it  may  be,  gives  quite  a 
different  picture.  We  must  convey  to  others  a  more  realistic  idea  of 
the  problems  which  will  arise  during  construction.   Forming  would  be 
required  on  both  sides  of  the  wall  adding  to  the  cost;  excavation  would 
be  required  and  allowance  for  granular  backfill.  We  do  not  propose  that 
your  design  would  be  predicated  on  either  pattern  shown  here  but  drawn 
in  a  manner  to  indicate  to  others  as  nearly  as  possible  the  quantities 
of  materials  required  and  conditions  to  be  met. 

SLIDE  NO.  6  -  PIPING  DIAGRAM  (FIGURE  NO.  b) 

Although  one  should  ensure  that  all  the  required  information  is 
on  the  drawing,  as  much  attention  should  be  given  to  ensure  that  re- 
dundancy is  avoided.  The  two  drawings  shown  here  represent  the  same 
piping  system.  A  bill  of  materials  listed  by  number  accompanies  both 
drawings  and  consequently  is  not  shown  here  since  the  time  taken  to 
prepare  the  list  is  the  same  for  both.  However,  one  can  see  that  the 
line  drawing  could  be  done  in  25%  of  the  time  taken  for  the  detailed 
drawing  and  time  means  money. 

Along  similar  lines,  some  designers  like  to  have  specifications 
written  on  the  drawings  involving  much  time  wasted  in  lettering  whereas 
probably  all  that  is  required  is  a  specification  reference.   Speaking  of 
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CHECK  LIST   -  GENERAL  PLANS 

1.'    Scale  1"  =  100* 

2.  Key  Plan  1"  =  1000' 

3 .  North"  Point 

*   4.     Title  Block 

a)      Name  of  Subdivision  or  Project 

bj      Completely  signed  -  engineer's  stamp  if  applicable 

cj      Scale 

d)  Date 

e)  Table  of  Revisions 

5.  Reference   Bench  Mark 

6.-  Existing  services  and  details 

7.  Proposed  services  and  details 

8.  Street  names   and  street  lines 

9.  Registered  plan,   lot  and  block  numbers 
10.  Co-ordinate  grid  lines 


FIGURE   NO.    7 
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CHECK  LIST  -  rhAN  AND  PRO TILE 


1 
2 

3 


4. 

b. 

6 

7 

8 

9 
10 
11 
12 


13 


d) 
e) 
f) 


Scales  -  Horizontal  1"  «  40*    and  Vertical  1"  =  10' 
North   Point 
Title   Block 

a)  Name  of  Subdivision  or  Project 

b)  Completely  signed   -  engineer's 

stamp  if  applicable 

c)  Scale 

Reference  Bench  Mark 
Existing  Services  and  Details 
Proposed  Services  and  Details 
Street  Names  and  Street  Lines 
Registered  Plan,  Lot  and  block  Numbers 
Co-ordinate  Grid  Lines 
Building  Basements-Elevations 
Station  Chainages  -  Maximum  Spacing  100' 
Sewers* 
a)   Pipe  Classification 

Bedding  Type 

Gradient  and  Lengths 

Pipe  Diameter 

House  Connections 

Catch  Basins  and  Connections 

Minimum  Cover  -  7'  for  storm 

-  9'  for  sanitary 
Manhole  Details  -  Scale  as  Required 
Roads 

a)  Typical  Finished  Road  Cross-Section 
i)   Finished  Surface  Type 

ii)   Base  Courses 
iii)   Crown 

b)  Curb  Radii: - 

W i dth  of  Pavement  of  Intersecting  Streets 


Date 

Table  of  Revisions 

Street  name  and  limits 


b) 

c) 
d) 
e) 
f) 
8) 

h) 


i) 

J) 

k) 

l) 


iv) 

v) 

vi) 


28'    x    28' 

28'    or  32' 

&  42' 

28'    or  32* 

&  SO' 

i*2*    &  42* 

42'    &  SO' 

SO'    &  SO" 

Maintain  3"  clearance  between 
pipes  at  all  crossings 

Drop  structures  used  where  drop 
is  in  excess  of  3'0" 

Standard  Drawing  References 

Sewer  Easements  Widths 

-  single  sewer  20* 

-  two  sewers,  single  trench  2S' 

-  two  sewers,  separate  trenches  30' 


Curb  or  Curb  &  Gutter 
Pavement  Width 
Boulevard  Treatment 


Curb  Radius 

2S' 

35' 
3S' 
B5' 
SS' 
SS' 


h) 

■i) 


-  28'  pavement,  maximum  allowable  10.00% 

-  over  28'  pavement,  maximum  allowable  6 
,  -  minimum  allowable  0.S0>S 

-  Bulbs,  cul-de-sac,  turning  circules, 
Maximum  Grade  Change  2. 00% 

Show  Grade  Change  Symbols 

Distances  and  %  Grades  Between  Grade  Changes 
Catch  Basin  Spacing  Maximum  -  300' 
Road  Grade  over  S.OO.o  -  Maximum  Spacing  200' 
Road  Grade  over  3.00;,;  -  use  Side  Inlet  Catch  Basins 
Low  Points  -  Use  Double  Catch  Basins 
Road  Crowns:-   28'  and  32'  pavement  widths 
42'  and  SO'  pavement  widths 
Station  dunnages,  Maximum  Spacing  -  1D0' 


c)      Road  Grades 


d) 

0 

g) 


00% 
minimum  allowable   1.0U% 


4" 
B" 


14 


Other  Special  Details  as  Required  in  Design 


FIGURE  NO.  8 
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specifications,  the  designer  should  familiarize  himself  with  the  specs  tu 
ensure  that  the  drawing  and  specs  are  complimentary  and  not  contradictory, 

SLIDES  #TS  7  &  8  -  CHECK  LIST  (FIGURES  NOS.  7  &  8) 

Since  we  are  dealing  here  mainly  with  municipal  engineering 
drawings,  I  have  included  a  check  list  used  in  Scarborough  of  items 
which  we  consider  necessary  for  a  complete  engineering  drawing.  This 
list  is  used  not  only  for  checking  drawings  of  our  own  projects  but  also 
for  checking  drawings  received  from  consulting  engineers  for  subdivision 
construction.  Many  of  you  may  have  access  to  a  similar  list;  others  may 
not  but  we  find  the  lists  most  useful. 

The  first  check  list  is  for  checking  the  General  Plan  of  a 
subdivision  showing  the  details  required.   Under  Items  6  &  7,  the  list 
could  be  expanded  naming  the  actual  services  existing  and  proposed  to 
be  shown.   For  example,  sewers  &  connections,  watermains,  valves  & 
hydrants,  curb  &  gutter,  pavement,  etc. 

SLIDE  NO.  8  (FIGURE  NO.  8) 

The  second  check  list  is  for  the  plan  and  profile  of  each 
individual  street  and  is  much  more  detailed.   To  produce  a  complete 
drawing  and  design  for  a  municipal  project,  we  believe  that  a  drafts- 
man should  refer  to  this  ready  reference  list  and  in  fact  all  drafts- 
men and  plan  examiners  should  have  a  copy. 

USES  FOR  DRAWINGS 

One  of  the  more  frequent  problems  we  have  encountered  is  the 
lack  of  understanding  by  the  draftsman  of  the  purpose  for  which  a 
drawing  is  intended.  This  misunderstanding  is  frequently  caused  by  the 
person  requesting  the  drawing  in  that  insufficient  information  has  been 
provided  and  a  communication  gap  exists. 

For  instance,   if  you  are  asked  to  produce  a  line  drawing  for 
presentation  to  a  committee  of  Council  or  a  ratepayers'  group,  you  must 
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envisage  the  weight  of  lines  required  governed  by  the  distance  between 
the  speaker  and  the  audience.  The  size  of  lettering  must  be  exaggerated 
so  that  it  can  be  read  easily  from  20  or  30  feet  away. 

WATERCOURSE  MAP  OF  SCARBOROUGH 
This  drawing  was  prepared  for  demonstration  purposes  at  this  lecture. 
I  trust  it  is  readable  from  your  vantage  point.   Usually  such  a  drawing 
will  not  be  too  detailed  but  emphasize  only  the  highlights  to  be  con- 
sidered.  In  this  case,  I  asked  for  a  map  showing  the  three  major  water- 
courses in  Scarborough  indicating  completed  sections  with  a  heavy  solid 
line,  incompleted  sections  with  a  heavy  dashed  line  and  the  year  for 
completing  the  work  up  to  1976. 

On  the  other  hand,  if  you  are  asked  for  a  line  drawing  for  a 
committee  report,  immediately  the  size  is  determined  as  8V  x  11"  (letter 
size)  since  the  practice  is  to  reproduce  copies  of  the  drawing  for  each 
copy  of  the  report  distributed  to  interested  parties.  The  word  "line" 
indicates  elimination  of  unnecessary  details,  perhaps  related  to  the 
drawing  but  not  of  sufficient  importance  on  which  to  waste  drafting  time. 

The  lines  and  dates  shown  here  define  the  major  topic  under 
consideration.  At  this  stage  we  are  interested  in  main  watercourses 
only  and  not  in  minor  sewers  flowing  into  the  main  stream.   Additions  of 
a  minor  nature  would  serve  only  to  confuse  the  main  issue. 

Sometimes  designers  and  draftsmen  are  required  to  make  free- 
hand sketches  envisaging  the  first  concept  of  the  project.  Although 
these  are  widely  used  in  the  architectural  field  for  buildings,  etc., 
there  is  a  place  for  such  drawings  in  municipal  engineering.   Unfortunately 
not  many  people  appear  to  have  the  artist's  gift  of  producing  such  drawls 
but,  with  practice,  this  can  be  accomplished  and  subsequent  drawings 
will  be  easier  to  produce. 
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Plan  and  profile  drawings  for  tender  purposes  require  much 
more  thought,  accuracy  and  completeness  than  the  foregoing  and,  in 
general,  comprise  75%  or  more  of  the  drawings  produced  in  municipal 
offices.  As  previously  mentioned,  it  is  the  practice  in  our  office  to 
indicate  in  heavy  lines  the  proposed  works  and  in  lighter  lines, 
existing  features.   In  this  way  it  is  easier  for  those  using  the  drawing 
to  interpret  the  work  to  be  done. 

The  check  lists  noted  earlier  cover  fairly  well  the  require- 
ments for  the  municipal  street  type  of  plan  &  profile  and  need  not  be 
repeated  here. 

Finally,  many  municipalities  have  a  set  of  "Standard  Drawings" 
which  are  drawings  of  units  such  as  manholes,  catch  basins,  sidewalks, 
etc.,  which  will  be  constructed  in  the  same  manner  many  times.  To 
redraw  such  plans  on  every  occasion  would  be  time-consuming  and  costly. 
There  is  currently  a  committee  set  up  to  develop  a  set  of  Standard 
Drawings  or  preferably  "Model  Municipal  Designs"  for  municipalities  in 
Ontario  and,  hopefully,  these  will  be  available  by  1972. 
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FIELD  INFORMATION 

The  main  line  of  communication  between  the  draftsmen  in  the 
office  and  the  survey  crews  in  the  field  is  the  field  survey  notes.   In 
general,  engineering  offices  employ  surveyors  to  carry  out  field  survey 
work  and  draftsmen  for  office  work,  except  perhaps  in  smaller  offices 
where  a  few  people  fulfil  both  functions.  The  people  involved  in  the 
separate  functions  tend  to  become  specialists  in  one  field  and  lose  sight 
of  the  total  operation.  The  instruction  from  the  office  personnel  to  the 
surveyors  should  be  clear  and  concise  with  an  explanation  of  the  purpose 
for  the  survey,  the  detail  required  and  possibly  a  date  for  completion 
of  the  survey.   In  order  to  issue  such  instructions,  it  is  imperative 
that  draftsmen  should  be  familiar  with  field  practices,  have  some  know- 
ledge of  how  the  field  notes  are  produced  and  know  the  mathematics 
involved  in  reduction  of  the  notes. 

Since  most  municipal  engineering  drawings  are  of  the  plan  and 
profile  type  of  municipal  streets,  we  will  consider  those  first. 

Initially,  field  crews  must  search  for  evidence  in  the  form  of 
survey  bars  marking  street  line  limits.   On  many  occasions  this  can  be  a 
time-consuming  and  frustrating  experience,  especially  in  older  areas 
where  most  of  such  evidence  has  been  destroyed.   The  draftsman  or  designer 
can  plot  such  evidence  in  a  few  minutes  but  he  should  recognize  that  quite 
often  finding  this  evidence  may  take  the  field  crew  a  day  of  searching. 
Delays  in  obtaining  the  surveys  required  are  often  caused  in  this  way. 

SLIDE  NO.  I  -  ESTABLISHING  CENTRE  LINE  (FIGURE  NO.  I) 

Assuming  that  sufficient  evidence  has  been  found,  the  surveyor 
establishes  the  legal  centre  line  of  the  road  by  offsetting  half  the 
width  of  the  road  allowance  from  the  bars. 

The  draftsman  begins  the  plan  layout  in  a  similar  manner.   The 
first  item  to  be  drawn  is  usually  three  parallel  lines  representing  the 
two  street  lines  and  the  centre  line.   Although  the  centre  line  so  estab- 
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lished  is  normally  used,  on  streets  carrying  large  volumes  of  traffic, 
offsets  are  sometimes  made  in  the  boulevard  for  control  survey  lines  and 
the  draftsman  should  be  alert  for  such  eventualities.   It  is  all  too  easy 
to  overlook  the  exception  to  the  rule  when  working  on  a  drafting  board 

all  day. 

In  Scarborough,  we  generally  use  the  intersection  of  the  centre 
lines  of  two  streets  as  the  0+00  chainage  point  and  progress  either 
northerly  or  easterly  from  that  point.  This  convention  is  used  so  that 
your  drawing  may  be  properly  oriented  with  the  north  point  in  the  first 
quadrant  of  your  Cartesian  co-ordinate  system.   In  plotting  the  0+00 
point  on  your  drawing,  ensure  that  this  point  can  be  projected  vertically 
to  a  main  division  line  on  your  profile  view.   For  straight  streets,  this 
makes  plotting  of  the  profile  much  easier.  On  curved  streets,  of  course, 
the  profile  will  not  project  vertically  downward  but  0+00  should  still  be 
plotted  on  a  major  division  line  on  the  profile. 

The  slide  we  are  viewing  was  taken  directly  from  field  notes 
made  in  Scarborough  in  1968.   Chainages  are  given  at  intersecting  streets  - 
i.e.  10  +  81.3  at  Gatesview  Avenue  and  IS  +  47.3  at  the  centre  line  of 
Dunelm  Street.  The  angles  of  intersection  at  Eglinton  Avenue  and 
Gatesview  Avenue  are  also  noted.   It  is  the  responsibility  of  the  drafts- 
man to  check  the  registered  plan,  in  this  case  Nos .  3505  and  3338,  to 
ensure  that  the  field  notes  and  registered  plan  agree  in  these  dimensions. 
Although  this  page  of  field  notes  appears  quite  simple,  there  is  a  wealth 
of  information  given  here  for  drafting  the  plan  view.   Chainages  are 
shown  at  Lot  16,  Registered  Plan  3338,  the  division  line  between  Lots  14 
and  15,  Registered  Plan  3505,  the  south  limit  of  Dunelm  Street  and  the 
north  limit  of  Gatesview  Avenue.  There  is  also  a  plan  reference  given  for 
details  of  Eglinton  Avenue,  a  120-foot  wide  road.   It  should  be  remembered 
that  field  notes  are  not  to  scale  but  measurements  should  be  plotted  as 
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shown.  Any  errors  can  readily  be  detected  at  this  early  stage. 

SLIDE  NO.  2  (FIGURE  NO.  2) 

Having  established  the  street  centre  line  and  the  0+00  control 
station,  the  surveyor  proceeds  to  tie  in  plan  detail.  There  are  two 
commonly  used  methods  for  plotting  plan  detail  in  survey  notes.  Some 
surveyors  use  a  single  centre  line  as  on  Slide  No.  1  showing  centre  line 
chainage  and  the  distance  from  the  centre  line  to  the  reference  object. 
Using  a  right-angle  prism,  accurate  right  angles  off  the  centre  line  can 
be  quickly  measured.  The  right-angled  measurement  from  the  control 
centre  line  again  makes  the  draftsman's  job  much  easier. 

The  second  method  of  drawing  field  notes  for  plan  detail  is 
carried  out  by  the  use  of  a  split  centre  line  as  shown  in  this  slide. 
In  other  words,  two  parallel  lines  are  drawn  about  3  A"  apart,  each 
representing  the  centre  line.  The  space  between  will  contain  the  station 
such  as  3+38  and  dimensions  to  objects  off  the  centre  line  are  plotted  at 
right  angles  to  either  side.  We  use  this  method  since  it  more  readily 
allows  for  measurements  for  two  objects  either  side  of  centre  at  the 

same  station. 

Abbreviations  and  symbols  are  essential  for  both  field  notes 
and  plans  and  the  same  abbreviations  and  symbols  should  be  used  for  both 
purposes.  Adoption  of  the  Metropolitan  Toronto  Public  Utilities  Co-ordinating 
Committee  Legend  would  assist  in  interpretation  of  field  notes  if  used 
both  in  the  field  and  in  the  office.  Many  symbols  or  abbreviations  are 
well  known  to  all  of  us  such  as  M.H.  for  manhole,  C.B.  for  catch  basin, 
S.I.B.  for  standard  iron  bar  but  how  about  C.I. P.?   Is  this  corrugated 
iron  pipe  or  cast  iron  pipe?  And  S.S.  -  is  this  storm  sewer,  street  sign, 
sanitary  sewer,  stop  sign,  etc?   Surveyors  have  a  tendency  to  use  more 
abbreviations  than  do  draftsmen  due  to  the  limited  size  of  paper  they  use. 
Make  sure  that  a  communication  gap  does  not  exist  in  this  area. 
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SLIDE  NO.  i  (FIGURE  NO.  3) 
A  survey  for  the  plan  detail  should  show  ties  to  all  visible 
objects  at  least  from  street  line  to  street  line  and  preferably  to  buildings, 
Dimensions  to  buildings  are  mandatory  when  carrying  out  a  survey  for  sewer 
works  since  it  is  essential  to  have  the  distance  from  the  building  to  the 
main  sewer  for  calculation  not  only  of  the  sewer  connection  gradient  but 
also  of  the  depth  required  for  the  main  sewer.  This  particular  survey 
was  a  preliminary  survey  for  a  proposed  sewer.   For  most  surveys,  it  is 
necessary  to  tie  in  the  location  of  all  driveways  so  sewer  connections 
can  be  designed  off  the  driveways.   In  fact,  our  present  practice  is  to 
do  a  complete  survey  for  all  purposes  at  one  time  to  avoid  repetition  of 
work.   This  slide  shows  building  locations  and  dimensions,  hydro  poles, 
hedges,  driveways,  culverts,  trees  and  trunk  diameters,  edge  of  pavement, 

etc. 

SLIDE  NO.  4  -  CROSS -SECTION  (FIGURE  NO.  4) 
The  field  notes  should  contain  a  typical  cross-section  of  the 
road  to  be  surveyed  from  street  line  to  street  line.  Approximate  elevations 
are  shown  at  the  sides  for  plotting  end  areas  for  the  calculation  of 
quantities  for  road  improvements.  The  numbers  1  to  11  indicate  positions 
of  the  elevations  to  be  taken  at  each  change  in  grade  of  the  cross-section. 
This  gives  the  draftsman  a  good  idea  of  the  existing  cross-section.   In 
this  case,  the  road  appears  to  be  very  flat  with  poorly  defined  ditches, 
shoulders,  etc.   Cross-sections  on  other  streets  may  be  radically  different 
than  the  one  shown  here  and  have  curbs,  sidewalks,  deep  ditches,  high 
crowns,  narrow  travelled  sections,  etc. 

SLIDE  NO.  5  (FIGURE  NO.  5) 

LEVELS 

Many  of  you  may  have  some  survey  experience.  However,  for  the 
benefit  of  those  who  have  not,  we  will  examine  a  page  of  level  notes. 
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All  draftsmen  and  designers  should  be  able  to  reduce  level  notes  and  check 
them  before  plotting.  In  some  offices  these  calculations  are  done  only 
by  the  draftsmen  and  in  others  by  the  surveyors. 

The  following  headings  are  used: 

Station  -  Denoting  the  distance  measured  along  the  centre 
line  or  control  line  from  0+00. 

Backsight  -  is  the  rod  reading  taken  from  the  Bench  Mark  to 
establish  the  height  of  instrument. 

H.I.  -  The  height  of  the  instrument  is  obtained  by  adding  the 
rod  reading  of  the  backsight  to  the  elevation  of  the 
Bench  Mark . 

I.S.  -  Intermediate  Sight  is  a  rod  reading  taken  at  any  given 
point,  the  description  of  which  is  given  in  the  right- 
hand  column  and  for  which  the  elevation  is  calculated 
by  subtracting  this  rod  reading  from  the  height  of 
instrument .  The  result  is  then  recorded  under  the 
elevation  column. 

F.S.  -  Or  foresight  is  a  rod  reading  taken  on  a  turning  point 
prior  to  moving  the  instrument  to  a  new  location. 
Subtract  this  reading  from  the  height  of  instrument  to 
obtain  the  elevation  of  the  turning  point. 

T.P.  -  The  turning  point  should  be  taken  on  some  solid  object 
not  subject  to  disturbance  and  upon  which  an  elevation 
for  temporary  use  can  be  established.  The  instrument 
can  then  be  moved  to  a  new  location  from  which  another 

,  reading  is  taken  to  establish  a  new  height  of  instrument. 

It  is  mandatory  to  return  to  the  original  Bench  Mark  as 

a  check  on  the  accuracy  of  the  survey.   In  this  case  the 
error  is  0.01  feet  which  is  quite  acceptable. 
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Elevation  -  For  recording  the  elevation  of  all  points. 

Remarks  -  This  column  is  used  to  describe  the  point  where  the 
elevation  is  taken,  the  numbers  1  to  11  referring  to 
the  typical  cross-section  given  in  the  previous  slide 
SLIDE  NO.  6  (FIGURE  NO.  6) 

For  sewer  surveys,  in  addition  to  having  the  longitudinal 
profile  and  cross-section  of  the  street,  it  is  necessary  to  establish 
the  basement  elevation  of  the  houses  and  other  buildings.  The  practice 
in  Scarborough  is  to  take  the  basement  window  sill  elevation  and  go  into 
the  building  and  measure  from  the  sill  to  the  basement  floor  to  establish 
the  basement  floor  elevation.   From  this  elevation  for  sewer  design 
purposes,  it  is  necessary  for  gravity  flow  to  allow  an  additional  30" 
below  the  floor  level  and  to  allow  for  a  2%  minimum  grade  for  the  sewer 
connection  from  the  building  to  the  proposed  sewer.  All  is  not  easy  on 
the  outside  as  you  can  see  by  the  remark  made  opposite  House  #2  7, 
"Inaccessible  due  to  2  vicious  dogs."  As  I  mentioned  earlier,  these  notes 
were  taken  directly  from  our  files  and  not  changed  in  any  way  for  this 
presentation  except  to  ink  them  over  so  that  clear  reproductions  could  be 
made. 

Generally,  road  cross-sections  are  taken  at  even  intervals  of 
either  50  or  100  feet  depending  on  the  uniformity  of  the  existing  road 
gradient  and  character  of  its  cross-section.  However,  the  surveyor  will 
on  occasion  take  additional  sections  to  show  unusual  features.  All  of 
the  sections  should  be  plotted  by  the  draftsmen  for  determining  quantities. 
The  survey  notes  will  show  such  objects  as  watermain  valves,  gas  valves 
and  Bell  manholes  but  not  the  route  of  the  lines  between  them.   It  is  the 
responsibility  of  the  draftsman  and  designer  to  search  for  this  information 
from  the  office  files  and  plot  the  utility  lines. 
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SLIDE  NO.  7  -  TOPOGRAPHICAL  SURVEYS  (FIGURE  NO.  7) 
Topographical  Surveys  can  be  used  in  many  ways.   However,  one 
major  application  in  municipal  work  is  surveys  by  stadia  for  watercourse 

improvements . 

The  stadia  method  is  used  due  to  the  extent  of  the  watercourse 
which  may  be  from  100  to  200  feet  from  top  of  one  bank  to  top  of  the 
opposite  bank  and  also  due  to  the  rapid  changes  In  section  that  may  occur 
in  ravines.  The  elevation  changes  from  the  invert  of  a  stream  to  the  top 
of  the  bank  may  be  100  feet  in  some  cases  and  it  is  not  economically 
feasible  to  take  cross-sections  in  the  same  manner  as  for  road  work  with 
ordinary  levels  and  chains. 

This  slide  shows  a  plan  view  of  the  watercourses  on  which  the 
numbers  1  to  27  indicate  the  locations  and  elevations  of  points  that  were 

taken  by  stadia. 

SLIDE  NO.  8  (FIGURE  NO.  8) 

On  slide  #8  under  remarks,  we  have  the  points  listed  again 
along  with  the  description  of  the  point  taken.  The  base  line  is  noted  as 
a  line  from  Manhole  1419,  elevation  497.94,  to  manhole  1420. 

The  height  of  instrument  is  established  in  a  different  manner  for 
stadia  surveys  than  was  previously  noted  for  other  types  of  surveys. 
The  actual  vertical  distance  from  the  top  of  the  manhole  1419  to  the 
central  axis  of  the  instrument  is  measured  and  added  to  the  manhole 
elevation  -  in  this  case  4.73  +  497.94  =  S02.67. 

H.C.R.  or  horizontal  angles  are  measured  clockwise  from  the  base 

line  to  the  object  being  located. 

Rod  interval  is  the  difference  read  between  the  top  and  bottom 
cross-hairs  on  the  instrument  and  multiplied  by  100  to  obtain  the 
distance  to  the  object , 

The  vertical  angle  is  read  having  sited  4.73  on  the  rod  with 
the  centre  horizontal  cross-hair  on  the  instrument. 
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Stadia  note  reductions  are  calculated  from  these  readings  using 
stadia  tables  giving  corrected  horizontal  and  vertical  measurements. 
Draftsmen  should  be  able  to  calculate  and  check  stadia  notes.  Plotting 
is  then  done  by  angle  and  distance  from  the  control  lines  which  may  be 
established  by  conventional  traverses  or  stadia  traverses.  The  conventional 
method  is  more  accurate  for  the  base  line  control  and  reduces  the  inherent 
error  of  stadia  surveys. 

SLIDE  NO.  9  -  AERIAL  PHOTOGRAPHIC  MAPPING  (FIGURE  NO.  9) 

To  obtain  more  accurate  topographical  mapping  of  large  or 
small  areas,  especially  where  the  elevation  of  the  land  changes  rapidly, 
aerial  photography  is  the  most  effective  and  most  economical  means . 
From  aerial  photos,  plotting  of  the  maps  is  done  initially  by  machine  and 
subsequently  "Fair  Drawn"  by  hand. 

There  are  many  advantages  to  this  method  of  mapping. 

1.  Economy  of  production  -  the  cost  is  about  $30.00  per  acre. 

2.  Much  more  detail  can  be  obtained. 

3 .  No  disturbance  to  owners  of  the  lands . 

4.  Inaccessible  places  can  be  mapped. 
E> .   Greater  speed  in  production. 

6.  Contours  of  terrain  such  as  Scarborough  Bluffs  can  be 
obtained  which  is  virtually  impossible  by  other  means. 

7.  All  maps  are  related  to  one  co-ordinate  grid. 

8.  Both  horizontal  and  vertical  dimensions  can  be  obtained 
on  one  map . 

9.  North  is  always  to  the  top  of  the  page. 

There  are  a  few  major  disadvantages  and  these  are  that  no 
underground  information  is  obtained  and  for  underground  intallations , 
profiles  must  be  obtained  by  conventional  means. 

Imaginary  lines  such  as  lot  lines,  street  lines,  etc.,  must  be 
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superimposed  on  the  aerial  maps  by  conventional  means.  However,  for 
delineating  drainage  areas  or  watersheds,  we  have  found  the  aerial  mapping 
most  valuable.  The  mapping  can  be  obtained  at  whatever  scale  you  wish, 
some  of  the  more  common  being  1"  =  t+0' ,  1"  =  200'  and  1"  =  400'. 

SLIDE  NO.  10  -  DRAFTSMAN'S  DELUSIONS  (FIGURE  NO.  10) 
As  noted  in  our  earlier  discussions,  along  with  interpretation 
of  field  notes,  a  visit  to  the  site  by  the  designer  is  usually  a  good 
idea.   As  can  be  seen  from  this  slide,  the  actual  and  the  draftsman's 
concept  might  be  far  apart.  We  do  not  propose  that  you  draw  such  exag- 
gerations as  are  shown  here  but  make  an  attempt  to  interpret  the  field 
notes  in  a  realistic  manner. 
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QITK  ENGINEERS  ASSOCIATION  DESIGN  COURSE 

WATER  MAIN  DESIGN 
By:   Mr.  A.  Fields 

All  water  systems  are  composed  of  three  main 
parts:  transmission  facilities  to  transport  water  from 
the  source  to  the  distribution  mains,  distribution  mains 
to  transport  water  from  the  transmission  mains  to  the 
service  lines,  and  service  lines  to  transport  water  from 
the  distribution  grid  to  the  customer. 

In  this  session  we  will  examine  the  factors 
Involved  and  procedures  to  be  followed  in  the  design  of 
transmission  and  distribution  mains. 

SELECTION  OF  ROUTE 

In  most  towns  and  cities,  utility  distribution 
facilities  are  in  public  right-of-way.   The  trend  has  been 
to  place  sewer,  gas,  telephone,  electric  and  drainage 
lines  underground.   The  resulting  crowded  situation, 
especially  in  urban  centres,  requires  that  the  design 
engineer  determine  the  location  of  all  existing  services 
and  proposed  installations  by  other  utilities.   This  is 
usually  carried  out  by  submitting  a  street  line  plan  to 
the  various  utilities  requesting  that  they  Indicate  their 
facilities  thereon.   In  the  design  of  transmission  mains, 
the  use  of  alternative  routes  is  often  possible,  and 
location  of  utilities  along  these  routes  should  also  be 
obtained.   In  the  City  of  Toronto  and  Metropolitan  Toronto, 
and  in  other  urban  centres  where  there  are  Public  Utility 
Co-Ordlnating  Committees,  P.U.C.C.  plans,  if  available, 
save  considerable  time,  and  therefore  reduce  route  study 
costs.   If  there  are  no  P.U.C.C.  plans  available,  the 
design  engineer  then  has  to  prepare  a  composite  plan 
showing  all  the  utilities,  in  order  to  determine  where 
underground  space  is  available  for  the  installation  of 
the  water  main.   It  is  generally  accepted  in  most  areas 
that  distribution  mains  be  located  approximately  sixteen 
(16)  feet  from  the  street  line,  which  places  the  main  off 
the  travelled  portion  of  the  roadway,  usually  in  the 
boulevard  or  under  a  sidewalk,  depending  on  the  width  of 
pavement.   This  is  considered  the  ideal  location,  for 
excavated  material  may  be  used  for  backfill,  whereas,  if 
the  main  is  located  within  the  roadway,  the  roadway 
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authority  will  probably  request  granular  material  for 
backfill,  and  the  cost  of  permanent  pavement  cut  repairs 
would  be  greater  than  for  a  boulevard  installation.   In 
addition,  one  must  consider  the  impact  on  traffic, 
inconvenience  to  the  motoring  public,  private  business, 
emergency  vehicle,  pedestrian  traffic,  maintenance,  and 
access  to  the  main  for  future  connections.   The  problems 
Involved  In  surveying  and  laying  out  a  pipe  line  are 
affected  by  both  the  size  of  the  main  and  Its  location. 
More  detail  and  care  are  necessary  as  the  size  Increases, 
or  if  the  main  Is  In  an  urban  rather  than  a  rural  area. 

The  Public  Utilities  Act  of  the  R.S.O.  contains 
a  section  entitled  "Prohibition  as  to  laying  main  pipes 
and  conduits  within  6  feet  of  existing  ones"  as  follows: 

Main  pipes  or  conduits  for  carrying  or  conveying 
any  public  utility  underground  in  any  highway, 
lane  or  public  communication  shall  not  be  laid 
by  a  municipal  corporation  or  company  within  a 
distance  of  six  (6)  feet  of  the  main  pipes  or 
conduits  for  carrying  or  conveying  any  public 
utility  underground  of  any  person  without  the 
consent  of  such  person  or  the  authority  of  the 
Ontario  Municipal  Board. 

This  section  was  undoubtedly  written  so  that  the  owner  of 
an  existing  utility  would  have  some  means  of  protection 
to  prevent  installation  of  new  underground  plant  so  close 
to  existing  utility  as  to  endanger  it  or  create  a 
maintenance  problem  due  to  Its  proximity,  and  should  be 
considered  when  selecting  the  alignment  for  a  water  main. 

Once  the  composite  plan  or  plans  of  the  route 
or  routes  have  been  completed,  and  a  tentative  line 
selected  for  the  main,  and  prior  to  any  engineering  survey 
work  being  performed,  it  is  essential  at  this  time  to 
review  the  line  or  lines  in  the  field.   Note  should  be 
taken  of  embankments,  ditches,  water  courses,  railway 
crossings,  and  the  size  and  location  of  all  above-ground 
structures  and  trees  on  or  adjacent  to  the  proposed  line. 
It  may  be  necessary  to  change  the  proposed  alignment  to 
clear  above-ground  structures,  and  provide  for  easier  and 
therefore  less  costly  installation.   If  there  are  trees 
on  the  alignment,  and  there  Is  no  alternative  location 
within  the  right-of-way,  you  can  (1)  save  the  trees  by 
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tunnelling  under  or  (2)  remove  the  trees,  which  is 
probably  the  most  economical  method.   If  the  latter 
method  Is  chosen,  you  can  expect  a  storm  of  protest 
from  the  residents  along  the  route,  and  one  should  be 
prepared  to  replace  the  trees  in  a  smaller  size  of  the 
same  species,  which,  In  most  cases,  will  appease  most 
property  owners. 

Having  considered  the  proposed  location  for 
the  main  in  relation  to  existing  utilities  and  practical 
above-ground  difficulties,  a  complete  topographical 
survey  of  the  route  should  be  carried  out.   If  recent 
aerial  photographs  or  P.U.C.C.  sheets  are  available, 
considerable  field  work  can  be  eliminated.   The  location 
of  the  main  should  be  staked  out  in  the  field,  and  a 
profile  over  the  centre  of  the  main  obtained.   All  sewer 
manholes  should  be  entered  and  Invert  elevations  taken; 
this  Is  especially  Important  where  the  water  main  is  to 
cross  over  or  under  an  existing  sewer.   In  transmission 
water  main  design,  sewer  elevations  parallel  to  the  main 
must  be  checked  to  ensure  that  the  main  is  placed  at  an 
elevation  which  will  not  cut  off  private  storm  and 
sanitary  drains. 

RAILWAY_CROSSINGS 

To  avoid  delay  In  obtaining  railway  pipeline 
crossing  approvals,  it  is  advisable  to  consult  with 
railway  Engineering  officials  prior  to  preparing  plans. 

If  the  main  Is  to  be  installed  in  tunnel  under 
the  tracks,  which  Is  what  most  railway  companies  prefer, 
the  following  Information  should  be  obtained: 

(1)  Minimum  acceptable  cover  over  the  tunnel  at  the  tracks. 

(2)  Location  of  shafts  In  relation  to  tracks. 

(3)  Size,  gauge  and  type  of  tunnel  liner  or  steel  jacking 
pipe. 

(4)  If  work  is  to  be  done  according  to  certain  procedures 
and  during  certain  hours. 

(5)  What  railway  supervision  and  inspection  will  be  carried 
out  during  construction?   Will  the  cost  of  this  be 
absorbed  by  the  owner  or  will  the  installation 
contractor  be  responsible  for  payment? 
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rt should  be  noted  that  the  railway  companies 
prefer  to  deal  with  the  owner  rather  than  the  contractor. 

T£YnnT-PT.AN  AND  PROFILE 

Upon  completion  of  the  field  work,  a  plan  and 
profile,  together  with  certain  other  details,  are  necessary 
for  any  water  pipe  line. 

These  should  show: 

(1)  Horizontal  and  vertical  distances,  which  Is  by  survey 
station  and  elevation. 

(2)  Location  of  angles  or  bends,  both  horizontal  and 
vertical. 

(3)  Degree  of  bends,  degree  or  radius  of  curves,  tangent 
distance  for  curves. 

(4)  Points  of  intersection  with  pipe  centreline  for  tees, 
crosses  and  hydrants. 

(5)  Location  of  all  line  valves. 

(6)  Location  of  adjacent  or  interfering  installations  or 

structures. 

(7)  Location  of  existing  utilities  to  be  crossed  over  or 

under . 

(8)  Tie-ins  with  property  lines,  road  or  street  centre 
lines,  and  other  pertinent  features  necessary  to 
define  the  right-of-way  and  locate  pipe  centreline 

clearly. 

(9)  Details  of  all  specials,  chambers,  valve  boxes,  etc. 

(10)  Details  of  anchor  blocks. 

ngPTH_OF_ COVER  OVER  WAIN 

The  minimum  depth  of  cover  over  a  water  pipe 
should  be  determined  by  (1)  The  maximum  depth  of  frost 
penetration  in  the  locality  where  the  pipe  is  to  be  laid. 
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Depth  of  maximum  frost  line  plus  a  certain  depth  of 
unfrozen  soil  to  act  as  a  cushion  is  required.   When  a 
trench  freezes,  it  expands  approximately  1Z%,    and  in 
order  that  this  expanding  force  is  not  transmitted 
through  the  pipe,  a  certain  depth  of  "cushion"  is 
necessary;   (2)  The  direct  effect  of  loading,  both  live 
and  dead  load,  in  addition  to  water  hammer.   The  depth 
of  cover  and  trench  bottom  are  two  primary  factors  in 
determination  of  pipe  thickness.   A  cover  of  approximately 
5  feet  with  a  flat  bottom  trench  and  tamped  or  consolidated 
backfill  usually  results  in  the  most  favourable  combination 
of  earth  and  track  hazard.   The  main  should  be  Installed 
on  a  three  inch  bed  of  sand  or  crushed  stone  on  earth  and 
six  Inches  on  rock,  and  the  sand  or  stone  thoroughly  tamped 
so  as  to  provide  a  uniform  and  continuous  bearing  and 
support  for  the  pipe.   Granular  material  should  be  placed 
up  to  twelve  Inches  above  the  top  of  the  pipe.   The  type 
of  backfill  material  from  twelve  inches  above  pipe  to 
surface  will  usually  be  determined  by  the  location  of  the 
main  within  the  right-of-way. 

Failures  in  pipe  lines  usually  result  from 
settlement,  careless  installation,  bedding  on  rocks, 
improper  backfilling  procedure,  impact  from  loaded  trucks, 
rupture  from  freezing  because  of  insufficient  cover,  and 
improper  or  inadequate  blocking. 


THRUST  BLOCKING 

Good  thrust-blocking  practice  is  important  in 
water  main  work  and  will  assist  in  reducing  problems  such 
as  breaks  and  leaks. 

Wood  plank,  concrete  blocks  and  poured  concrete 
constitute  the  materials  normally  used  for  blocking  pipe 
12  inches  and  smaller.   These  blocking  methods  are  generally 
effective.   However,  a  check  with  maintenance  departments 
indicate  that  leaks  requiring  emergency  repairs  often  stem 
from  two  major  sources;  trench  settlement  and  displacement 
of  poorly  blocked  bends,  fittings  or  plugs.   These  conditions 
will  probably  become  more  pronounced  with  the  increased  use 
of  compression-type  joints  which  are  designed  to  slip  home 
freely,  and  conversely,  will  slip  free  easily.   All  plugs, 
caps,  tees  and  bends  deflecting  22|   or  more  should  be 
provided  with  reaction  blocking,  or  movement  prevented  by 
attaching  suitable  metal  rod,  clamps  or  harnesses.   Further, 
the  Installation  of  the  blocking  should  be  carefully 
supervised  because: 
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(1)  The  widespread  use  of  compression  fittings  with 
slip  joint  characteristics  as  previously  mentioned. 

(2)  Traffic,  with  Its  increased  wheel  load  and  frequency 
is  causing  greater  vibration  effect  on  fittings  and 
blocking. 

(3)  Improved  distribution  systems  may  mean  greater 
pressures  even  in  the  smaller  mains. 

(k)      In  cities  where  numerous  utilities  criss-cross  the 
streets  with  their  underground  work,  the  bearing 
value  of  trench  sides  and  bottoms  have  diminished. 
Thus  when  larger  mains  are  extended  in  such  streets, 
more  conservative  methods  of  anchorage  should  be 
used. 

An  understanding  of  the  theory  of  thrust  reactions 
and  forces  to  be  controlled  will  emphasize  the  need  for 
blocking. 

Forces  exerted  on  dead  ends  are  calculated  by 

using  the  equation  - 

p.        Where  R  =  Force  in  tons 
R  =   onTvT  p  =  Pressure  in  pounds 


2000 


per  sq.  inch 
A  =  Area  of  pipe  cross- 
section  in  sq.  inches 


Forces  exerted  on  reducers  are  calculated  by 
using  the  equation  - 

R   =   J*!   -   J.^2 
2000      2000 

Where  R  =  Force  in  tons 

P  =  Pressure  in  pounds  per  square  inch 
A1  =  Area  of  cross-section  of  the  larger 

size  of  reducer 
A_  =  Area  of  cross-section  of  the  smaller 
size  of  the  reducer  in  square 
inches 


-    53   - 


-f\ 


R  =  2AP  Sine  1/2  A 


R  *  REACTION  IN   POUNDS 
A  -  ARE*   OF  PIPE  IN 
SQUARE  INCHES 


P  =  HYOROSTATIC    PRESSURE   IN    POUNDS 
PER    SQUARE    INCH 
A=  DEFLECTION    AN6LEOFBEND  IN  DEGREES 


Fig.  1   -   Hydrostatic  thrusts  at  deflection 
of  pipe  lines. 


Both  dynamic  and  static  thrusts  come  Into  play 
whenever  there  Is  deflection  In  a  pipe  line.   In  most 
cases  the  velocities  In  most  mains  are  so  low  that 
dynamic  thrust  Is  Insignificant.   By  contrast  the  static 
thrust  Is  Important  and  must  be  considered.   Fig.  1  shows 
the  force  diagram  and  equation  for  determining  the 
static  thrust.   The  pressure  should  be  the  working 
pressure  plus  an  allowance  for  water  hammer.   It  is  the 
function  of  the  thrust  block  to  transfer  the  loading  of 
the  unbalanced  force  from  the  fitting  to  the  walls  of 
the  trench.   Where  the  soil  cannot  carry  the  load,  the 
thrust  block  must  be  of  sufficient  size  and  weight  to 
anchor  the  fitting. 
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Soil 

Rock,  hard  thick  layers 
Rock,  equal  good  masonry- 
Rock,  equal  best  brick 
Rock,  equal  poor  brick 
Clay,  always  dry 
Clay,  fairly  dry 
Clay,  soft 

Gravel,  coarse  sand,  firm 
Sand,  compact,  firm 
Sand,  clean,  dry 
Quicksand,  alluvial  soil 


Minimum 

Maximum 

200 

_ 

25 

30 

15 

20 

I 

10 

6 

2 

k 

1 

2 

8 

10 

h 

6 

2 

k 

§ 

1 

Table  I   -   Safe  Bearing  Value  of  Soil 
In  tons  per  square  foot 


Table  I,  readily  accessible  In  various  texts, 
contains  a  tabulation  of  suggested  bearing  values  for 
soils  and  rock  formation;   where  trenches  are  shallow  the 
weight  of  the  undisturbed  earth  above  the  point  of  bearing 
may  not  be  sufficient  to  prevent  upward  displacement  of 
the  soil  and  one  should  use  a  substantial  reduction  In 
these  values. 

The  general  practice  to-day  is  to  use  poured- 
concrete  thrust  blocking  for  the  following  reasons: 

(1)  Concrete  being  plastic  conforms  Itself  to  the  shape 
of  the  fitting,  giving  complete  and  uniform  support 
to  the  fitting. 

(2)  Modern  ready-mix  concrete  assures  uniformity  of 
strength  and  is  virtually  indestructible. 

(3)  Unlike  wood,  concrete  has  great  density.   The  added 
weight  and  friction  resistance  increases  the  support 
provided  by  bearing  against  the  trench  walls. 


blocking: 


The  following  can  also  provide  more  effective 


(1)   Avoid  unnecessary  excavations  at  the  sides  of  the 
trench. 
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(2)  Excavate  to  provide  a  trench  face  that  is  as  close 
to  vertical  as  soil  conditions  allow. 

(3)  Careful  consolidation  of  soil  around  the  fitting  to 
improve  frictional  resistance  of  pipe  and  fittings 
and  to  increase  the  weight  of  the  soil  over  the  pipe. 

TYPICAL  DESIGN  CALCULATION  USING  FIG.  I  &  TABLE  I 

(a)  Calculate  the  thrust  produced  at  a  90   bend  in  a 
20-lnch  pipeline  with  the  following  conditions: 

Working  Pressure        -  100  psl 

Water  Hammer  Allowance   -   100  psi 

PA  Sin  e/2 
Static  Force    R  ~  1000  — 

p  =  200  psl  (working  pressure  plus  water  hammer) 

A  =   314.16   square  inches 

&  =  90° 

n   .   200_x_2_l4.l6  x  0.707   =   2*4.42  tons 
R   "  1000 

(b)  Determine  the  block  size  required  to  resist  the 
thrust  if  the  soil  is  saturated  silty-sand  and  Is 
about  average. 

From  Table  I,  bearing  capacity  for  silty-sand  is 
I  to  1  ton  per  sq.  ft.   Since  the  soil  is  average 
in  that  classification,  use  0.75  tons  per  sq.  ft. 

From  (a)   Thrust   =   44.42  tons 

*.   44^42   =  59.23  sq.  ft.  block  size 
Check  for  block  settling: 

Assume  block  8  ft.  x  8  ft.  (centre  of  block  on  centre 
line  of  pipe).   For  this  pipeline  centre  line  of  pipe 
must  be  5  ft.  below  ground.   Assume  block  2  ft.  wide, 
then  total  block  volume  is  128  cu.ft.  or  4.7  cu.yd. 
and  would  weigh  9.6  tons  (concrete  150  lb./cu.ft.). 
Bottom  of  block  is  8  ft.  x  2  ft.   Therefore  loading 
=  0.60  tons  per  square  foot.   Block  will  not  settle. 
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AMPHriRAaK_AND  OVERHEAD  PIPE  LINES 

Care  must  be  exercised  when  overhead  pipe  lines 
have  to  be  installed  on  hanger  brackets  on   bridge  structures. 
The  nature  of  the  method  of  support,  etc.,  depends  almost 
entirely  on  local  conditions,  service,  etc.   However,  the 
following  should  be  considered  in  the  preliminary  design 
work: 

(1)  Supports  for  pipe  lines  should  prevent  any  movement 
in  all  directions  except  along  the  axis  of  the  pipe, 
in  order  to  allow  for  expansion  or  contraction  which 
will  be  far  greater  than  that  for  pipe  burled  in  the 
ground. 

(2)  Hangers  and  supports  should  be  designed  and  placed 
so  that  expansion  in  a  pipe  line  takes  place  in 
every  Joint  and  not  in  one  Joint  only.   Dresser 
couplings  are  commonly  used  to  allow  for  expansion 
and  contraction. 

(3)  Loads  affecting  overhead  pipe  lines  may  be  from 
wind  loads,  snow  or  ice  loads  and  Improper  alignment 
or  elevation  of  supports  along  the  pipe  line. 

(4)  Pipe  lines  when  suspended  above  ground  must  be  high 
enough  to  clear  any  trucks,  etc.  passing  underneath, 
taking  into  consideration  possible  future  conditions 
as  well  as  present. 

(<5)   As  a  structural  beam,  steel,  cast  or  ductile  iron 

pipe  are  reasonably  strong.   But,  one  must  consider 
the  weight  of  the  pipe,  and  the  water  in  it  when 
determining  the  distance  between  supports.   lne 
limiting  condition  is  usually  the  deflection  of  the 
pipe. 
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TWO   3/4"  NUTS 
BEVELLED  WASHER 


mr 


DOUBLE    SADDLE 
PIPE  HOLL 


Fig.  II 


Fig.  II  Indicates  a  l6-lnch  diameter  steel 
water  main  supported  on  hangers  on  a  bridge  structure, 
and  the  following  an  abstract  from  the  section  of  the 
specification  pertaining  to  the  installation: 


16"  STEEL  WATERMAIN 


WORK 


Under  this  item  the  Contractor  shall  supply 
and  place  16"  dia.   .281"  wall  thickness  steel  watermaln 
across  the  structure  and  behind  the  abutments  to  the 
limits  indicated  on  drawing.   Behind  the  abutments  part 
of  the  main  is  cast  Iron.   The  interior  surfaces  of  the 
steel  pipe  shall  be  cleaned,  primed  and  given  one  coat 
of  coal  tar  enamel  and  the  exterior  surface  shall  be 
cleaned,  primed  and  coated  with  coal  tar  enamel  having 
a  bonded  asbestos  felt  wrapper  and  finished  with  a  single 
wrap  of  kraft  paper.   All  such  materials  and  application 
shall  be  in  accordance  with  A.W.W.A.  Specification  C203. 
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The  steel  pipe  snail  be  furnished  with  plain 
ends  for  style  38  Dresser  couplings  In  accordance  with 
A.W.W.A.  steel  water  pipe  specifications.   Behind 
abutments  the  cast  iron  pipe  and  fittings  shall  be  laid 
on  a  bed  of  consolidated  sand  at  least  three  inches  deep 
and  the  trench  shall  be  filled  with  sand  to  a  height  of 
three  inches  above  bells  of  the  pipe  Joints.   The  price 
for  16"  steel  watermain  shall  include  excavation,  supply 
and  laying  the  steel  and  cast  iorn  pipe,  backfill  and 
consolidation  of  excavation  material  and  the  provision 
of  all  couplings,  bends,  sleeves,  reducers,  distance 
pieces,  concrete  anchor  blocks,  testing  the  pipe  line 
and  supplying  all  equipment,  tools,  labour  and  all  else 
necessary  therefor,  and  all  other  work  In  connection 
therewith  and  incidental  thereto. 


16"  PIPE  BRACKETS 

WORK 

Under  this  Item  the  Contractor  shall  provide 
and  place  hanger  brackets  for  the  16"  steel  watermain. 
The  l£"  dla.  hanger  rods  vary  in  length  depending  on 
location,  they  shall  have  at  least  6"  of  thread  at  each 
end  and  all  components  shall  be  asphalt  coated  after 
Insulation.   Pipe  saddles  shall  be  Grlnnell  No.  I87  for 
16"  pipe  and  3"  covering.   Pipe  rolls  shall  be  Grlnnell 
No.  1?1  for  pipe  size  of  20",  adjustable  socket  No. 8-1. 3/8" 
The  price  for  16"  pipe  brackets  shall  include  the  cost 
of  drilling  V  x  V'  x  |"  angles  on  the  cantilever  side- 
walk brackets. 


16"  PIPE  INSULATION 
WORK 

The  steel  pipe  shall  be  insulated  with  Insulfab 
"M"  blanket  three  (3)  Inches  thick,  3.75  pounds  per  cubic 
foot,  2k   inches  In  width  in  exact  length  to  cover  the 
circumference  of  the  pipe,  and  diagonally  wrapped  with 
45  pound  felt  both  ways,  with  a  50%   overlap. 
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All  piping  insulated  as  above  on  the  bridge 
crossing  shall  be  finished  with   .020  x   2S  half -hard 
mill  finished  aluminum  sheet.   The  sheeting  shall  be 
rolled  to  fit  and  held  in  place  on  the  longitudinal 
seam  only  with  stainless  steel  self-tapping  screws  on 
3"  centres.   Alternatively,  the  sheeting  shall  be  wired 
on  with  |"  #16  B.W.G.  monel  metal  bands,  on  6"  centres. 
The  sheeting  shall  fit  snugly  over  the  insulation.   All 
joint  laps  shall  not  be  less  than  3"  and  all  laps  shall 
be  downward  to  shed  water. 

Where  the  section  of  the  steel  pipe  is  being 
installed  in  the  ground  the  pipe  line  shall  be  insulated 
as  above  and  In  addition  a  one  quarter  (5)  inch  thick 
mastic  coating  shall  be  applied  over  the  metal  sheeting 
and  over  the  ends  of  the  insulation  to  protect  the 
insulation  from  moisture. 

No  insulation  shall  be  installed  until  after 
the  pipe  line  has  been  chlorinated  and  pressure  tested 
to  the  satisfaction  of  the  CommlEsloner  of  Works. 


MATERIALS 

There  is  always  a  need  for  the  exercise  of 
engineering  Judgment  in  selecting  the  proper  material 
and  applying  it  in  accordance  with  sound  engineering 
principles,  in  order  to  effect  an  adequate  design  for  a 
particular  application. 

The  American  Water  Works  Association  has 
standards  and  handbooks  pertaining  to  the  manufacture, 
selection,  design  and  installation  of  pipe  and  pipe- 
line appurtenances,  including  valves  and  hydrants. 
These  standards  cover  steel,  concrete,  cast  iron, 
ductile  iron  and  asbestos  cement.   Therefore,  the 
designer  of  a  pipeline  has  a  wide  choice.   There  are 
differences  in  design  philosophy  in  the  pipe  industry 
on  such  matters  as  safety  factor,  water  hammer  allowance, 
corrosion  and  Joint  design.   The  person  making  a  choice 
of  type  of  pipe  for  a  particular  project  must  be  aware 
of  their  differences  in  relation  to  the  condition  of  his 
project.   Field  conditions  may  have  an  Important  bearing 
on  the  choice  of  pipe.   These  are  generally  more  relevant 
on  cross-country  pipe  lines.   Transportation,  terrain, 
soil  conditions,  backfill  material,  presence  of  rock, 
ground  water  conditions,  soil  corrosivity  may  affect 
choice  of  pipe  material. 
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The  risk  of  experimentation  are  too  great 
when  adequate  materials  of  proven  performance  and  long 
life  are  available. 


VALVES 


Water  works  valves  can  be  classified  in  several 
ways.   One  method  would  be  to  differentiate  between 
isolating  and  operating  valves. 

An  Isolating  valve  Is  a  device  for  blocking  off 
a  section  of  pipe  in  a  grid  system  or  protecting  operating 
valves  on   pumping  units,  so  that  inspection  or  maintenance 
can  be  carried  out.   An  operating  valve  is  one  that  is 
used  frequently  for  starting,  stopping,  or  regulating 
flow  or  for  regulating  pressure. 

There  are  several  types  of  valves  used  in  water 
works  service,  the  principal  ones  being  gate,  butterfly 
and  check  valves.   There  are  also  sluice  gate,  needle  and 
plug  valves  which  are  designed  for  special  applications. 
The  following  are  used  most  often  in  water  main 
installations. 

Gate  Valves 

Gate  valves  are  a  favoured  valve  for  distribution 
systems;  they  remain  open  most  of  the  time  and  serve 
as  isolation  valves.   Gate  valves  are  either  the  solid- 
wedge  or  double -disc,  parallel-seat  type.   The  stems 
can  be  rising  or  non-rising,  but  only  the  non-rising 
stem  valves  are  practical  for  burial  In  the  ground. 
If  a  gate  valve  is  intended  for  a  throttling  service, 
the  solid  wedge  type,  with  close  fitted  guides,  should 
be  selected. 

Butterfly  Valves 

The  butterfly  valves  is  coming  into  increasing  use  in 
water  main  installations.   The  valve  possesses  a  great 
advantage  in  having  only  one  moving  part.   The  butterfly 
valve  has  advantages  over  other  types  of  valves  in  its 
reduced  size  and  short  face-to-face  installation  length 
and  ease  of  operation. 
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Check  Valve 

The  primary  purpose  of  a  check  valve  Is  to  prevent 
reversal  of  flow  from  one  pressure  district  to 
another  in  a  water  main  system. 

The  number  and  location  of  line  valves  depend 
on  many  factors.   The  spacing  varies  principally  with 
the  character  of  the  territory  traversed  by  the  line. 
When  an  installation  is  in  an  urban  area  with  connections 
to  the  local  distribution  system,  one  important  consider- 
ation is  the  ability  to  sectionalize  the  line  in  order 
to  maintain  reasonable  service  in  adjacent  parts  of  the 
system.   In  the  distribution  grid,  valves  frequently  may 
be  only  two  blocks  apart,  while  in  large  trunk  mains 
they  may  be  spaced  a  mile  apart. 

Installation  of  valves  should  be  carefully 
supervised.   If  valves  are  rigidly  installed  in  a  pipe 
line  and  flanged  Joints  are  used,  the  whole  assembly  of 
pipe  and  valves  is  stressed  by  temperature  changes, 
settlement  and  exceptional  surface  loads.   To  prevent 
a  valve  from  being  strained,  there  should  be  at  least 
one  flexible  Joint  very  close  to  it.   This  can  be 
accomplished  by  installing  a  Dresser  or  Victaullc  type 
coupling  immediately  adjacent  to  one  of  the  flanges. 
Such  a  coupling  makes  installation  and  possible  removal 
of  the  valve  much  easier. 
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Cm  ENG1HEK1  U>  A5f.0CTAT.T0N  DESIGN   COURSE! 
WAIT, It  DTSTRTIB mOK  SYSTEM 


By:       Mr.    F.    Booth 


The  problem,  we  encounter  every  day  are  likely  to  be  the  same  for  each  of  our 
Municipalities,  a  gradual  deterioration  of  the  water  system  while  at  the  same  time, 
'the  saline  fills  up  with  high-riser*.   In  this  course,  I  would  J^i^Selr 
on  the  water  distribution  system  as  the  main  area  of  concern  of  the  City  Engineer 
and  cover  such  aspects  as  pressure  zones,  water  requirements,  analysis  OJ  a  pipe 
network,  fire  protection,  selection  of  pipe  sizes,  and  field  investigations. 

Purpose 

Our  Durposc  is  to  plan  for  the  orderly  development  of  the  water  distribution  systen 
5  ensure  that  we  can  maintain  the  flow  to  the  existing  parts  of  the  system  and  be 
able  to  extend  the  system  for  future  development. 

We  should  be  able  to  find  areas  of  potential  weakness  and  give  them  special  attention, 

We  should  be  able  to  plan  ahead  so  that  watermain  construction  can  be  co-ordinated 
with  sewer  and  pavement  construction. 

Applied  Principles 

(1)  The  basis  of  design  is  to  establish  a  design  policy  and  have  it  approved  by 
your  Council.  The  design  policy  of  the  City  of  Toronto,  in  part,  is  as 
follows :- 

A.  Distribution  System  Criteria 

The  Citv  shall,  in  general,  provide  adequate  supply  of  water  for  domestic 
consumption  during  peak  hour  demand  with  a  range  in  pressure  between  100  and 
30  p.s.i.  at  street  level. 

The  City  shall,  in  general,  provide  adequate  flows  for  fire  fighting 
purposes  during  a  time  of  average  domestic  consumption  on  the  day  of  maximum 
demand . 

B.  Domestic  Distribution  System 
(i)   Fxj'vHnr  System 

Many  existing  mains  are  upwards  of  80  years  old  and  their  water  carrying 
capacity  is,  on  an  average,  $L%   less  than  at  the  time  of  original  installa- 
SC!   in  general,  they  are  structurally  sound  and  shall  be  retained  as  the 
basic  system. 

The  capacity  of  the  existing  mains  shall  be  increased  wherever  possible 
by  JSbSSm? roliidng.  Where"  a  capacity  is  required  beyond  the  capability 
of  this  technique,  the  system  shall  be  reinforced  with  new  mains. 


-  63  - 


(ii)   Future  System  .Improvements 

Where  new  mains  are  installed  in  high  assessment  areas  with  the  existing 
main  retained  in  service,  consideration  shall  be  given  to  locating  the  now 
main  on  the  opposite  side  of  the  street  to  the  existing  main,  thereby  per- 
mitting new  service  connections  to  the  closest  main  and  minimizing  cutting 
of  pavement.  Hydrants  may  be  reconnected  to  the  new  main  to  take  full 
advantage  of  its  larger  capacity. 

Standard  main  sizes  of  6,  8,   12,  16,  20  and  24  inches  and  larger,  shall 
be  adopted  in  order  to  minimize  variations  in  size. 

(iii)  Mechanical  Details 

New  watermains  to  be  constructed  in  the  City  of  diameter  less  than  16 
inches  shall  be  ductile  iron,  cement  lined.  The  pipe  thickness  shall  initially 
conform  to  class  3  for  6  inch;  class  3  for  8  inch;  class  4  for  12  inch  and 
class  5  for  16  inch.  Further  study  shall  be  given  to  the  use  of  thinner  walled 
ductile  pipe  and  the  use  of  concrete  pipe  for  16  inch  diameter  or  larger. 

All  fittings  shall  be  mechanical  joint  and  consideration  shall  be  given  to 
the  use  of  "Tyton"  joint  for  ductile  iron  pipe. 

Service  connections  shall  be  3/4,  1-1/2  and  2  inch  diameter  of  Type  K  soft 
copper  tubing.  Other  permissible  sizes  are  U,  6,  8  and  12  inches  or  larger  if 
required  and  of  ductile  iron. 

Butterfly  valves  shall  be  in  accordance  with  A.W.W.A.  Spec.  C-50A ,  Class 
150B.  Gate  valves  shall  be  solid  wedge,  non-rising  stem  in  accordance  with 
A.W.W.A.  Spec.  C-5>00.  All  valves  shall  be  constructed  in  valve  chambers. 
Valve  chambers  shall  be  of  concrete,  either  precast  or  cast  in  place. 

(iv)   Hydrants 

The  City  of  Toronto  hydrant  design  shall  be  continued.  The  advisability 
of  adopting  commercially  available  hydrants  shall  be  studied  including  the 
merits  of  adopting  the  use  of  frost  jackets  to  commercial  type  hydrants. 

(v)   Patterns 

With  the  exception  of  hydrants,  commercial  valves  and  fittings  shall  be 
used  in  place  of  the  City  of  Toronto  design. 

(2)  The  area  to  be  supplied  by  water  is  marked-off  by  definite  boundaries  according 
to  pressure.  Ground  levels  should  not  vary  hy  more  than  100  feet  (40  p.s.i.) 
and  the  pressure  at  a  house  on  the  highest  ground  should  not  be  less  than  30 
p.s.i.   (See  typical  water  distribution  system  plan).   If  pressure  loss  between 
the  pumps  and  the  highest  ground  is  30  p.s.i.  duo  to  pipe  friction,  the  initial 
pressure  at  the  pumps  would  be  30H*O*30  =  100  p.s.i.  This  is  the  maximum 
pressure  that  can  safely  be  exerted  on  a  pressure  district. 
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(2)  continued: 

Since  we  have  allowed  30  p.s.i.  for  head  losses,  we  can  design  our  trunk  mains 
for  a  head  loss  of  20  p.s.i.  and  10  p.s.i.  in  sub-trunk  and  local  main3. 

(3)  Sub-trunk  principal  mains  are  to  be  designed  to  carry  the  peak  hour  domestic 
flow  requirements  and  local  mains  are  to  be  designed  for  fire  flow  requirements 

Domestic  Flow  Requirements 

The  maximum  day  and  peak  hour  rates  of  consumption  are  usually  defined  as  multiples 
of  average  day  rates.  To  obtain  the  present  average  day  rate,  we  divide  the  annual 
consumption  by  the  population  and  express  the  result  as  gallons  per  capita  per  day. 
This  value  would  range  from  30  g.p.c.d.  to  100  g.p.c.d.  Most  systems  are  designed 
for  a  100  g.p.c.d. 

In  residential  districts,  the  peak  demand  usually  occurs  during  the  early  evening, 
whereas  in  commercial  and  industrial  areas  the  peak  is  experienced  around  mid-day 
and  the  early  part  of  the  afternoon. 

The  following  peak  hour  to  average  day  ratio  for  different  land  uses  are  realized 
in  the  City  of  Toronto :- 


2. 


Ratio:  Peak 

Hour 

Land  Use 

Avg. 

Day 

Evening  Residential 

Residential 

3:50 

Peak  Hour 

Apartment 

2:00 

Coram.  &  Indus. 

1:00 

Institutional 

1:00 

Public 

1:00 

Afternoon  Commercial 

Residential 

1:50 

and  Industrial  Peak 

Apartment 

1:00 

Hour 

Comm.  &  Indus. 

2:00 

Institutional 

3:50 

Public 

2:00 

Maximum  day  to  average  day  ratio  is  2.0  for  design  purposes. 

Population  will  vary  with  land  use  and  can  vary  from  30  to  300  persons  per  acre. 

Fire  Flow  Requirements 

The  ability  of  a  water  system  to  serve  consumers  is  determined  by  the  amount  of  water 
delivered  at  a  satisfactory  pressure. 

Water  should  be  able  to  rise  to  the  upper  stories  of  buildings  of  moderate  height  and 
be  able  to  satisfy  the  demands  of  the  Fire  Department. 
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Fire  Flow  Requirements  { c ont inued ) 

Generally,  the  following  operating  pressures  are  considered  the  desirable  minimum :- 

Residential  Districts 

where  buildings  do  not  40  p.s.i. 

exceed  2-storeys. 

Apartments  60  p.s.i. 

Industrial  Areas  75  p.s.i. 

The  operating  pressure  at  a  hydrant  for  use  by  the  Fire  Department  should  not  be  less 
than  20  p.s.i. 

Recommended  rate  of  flow  by  the  Fire  Underwriters  for  fire  protection  is  as  follows :- 

Single  family  residential  1,000  g.p.m. 

High  rise  residential, 

Institutional,  industrial,  2,500  g.p.m. 

mercantile  and  other. 

Hydraulics 

Some  of  the  fundamental  principles  of  hydraulics  should  be  understood  by  all  who  are 
engaged  in  planning,  design,  or  operation  of  distribution  systems. 

Measurement  of  pressure  is  accomplished  by  a  Bourdon  gauge  graduated  in  pounds  per 
square  inch  (p.s.i.)  or  in  feet  of  head.  One  p.s.i.  is  equal  to  2.31  ft.  of  water 
head  or  conversely  1  f t .  of  head  is  equal  to  0.433  p.s.i. 

Flow  in  Pipes 

The  volume  of  flowing  water  in  a  pipe  is  obtained  from  the  Hazen-Williamr.  formula 
provided  the  coefficient  of  roughness  is  carefully  determined. 

The  formula  is: 

Q  =  1.318  C.A.R.  °'63  S  °-5k 

Q  =*  flow  in  cubic  feet  per  second. 

C  ■  coefficient  of  roughness. 

A  =  area  of  pipe  in  square  feet. 

R  =  hydraulic  radius  in  f eet . 

S  =  slope  of  hydraulic  gradient  in  feet  per  foot  of  pipe. 

The  quantity  flowing  in  a  given  pipe  will  vary  directly  as  the  coefficient  C. 

Values  of  C  for  use  in  the  H-W  formula  for  cast  iron  are  as  follows:- 
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Pipe  Size 

New  Pipo 

old  - 

Vnlined  Pipo 

6 

100 

50 

e 

110 

60 

12 

120 

65 

16 

130 

80 

20 

UO 

80 

2h 

HO 

80 

Flow  through  an 

Orifice 

To  determine  the  amount  of  water  flowing  through  a  fire  hydrant  nozzle,  or  to 
obtain  the  anount  of  leakage  through  a  hole  in  a  pipe,  the  common  orifice  flow 
equation  is  used:- 

Q  =  CA  fZ~W 

Q  =  flow 

A  =  Area  of  the  opening 

C  =  Coefficient  of  discharge 

g  =  the  acceleration  due  to  gravity 

h  m  head  on  the  orifice. 

Relating  the  W  under  two  different  pressure  heads,  h^  and  b-2,  we  obtain  the 
following  equation:- 

Ql   /hi 

Thus,  if  the  pressure  and  flow  are  known  for  one  set  of  values,  we  can  calculate 
the  flow  for  any  other  pressure  condition. 

Analysis  of  Pipe  Network 

(1)  Manual  Method 

The  spacing  of  principal  watermains  can  be  taken  from  curves  shown  on  the 
accompanying  pages.  These  curves  were  prepared  from  the  information :- 

Population      -  300  ppa  (gross  area) 
Consumption     -  70  G.P.C.D. 
Peak  Hour  Factor  -  3.0 

.■.  for  one  acre,  the  quantity  of  water  to  be  supplied 
«•  300  x  70  x  3.0  =  63,000  gals.  imp. 


5000 


500C' 


400C 


3000 


2000 


1000 


1000 


2000 


3000  4000  5000  6000 

Spacing       of     16"  Water    Mosns    in   £eef 


7C00 


8000 


9000 


I00O 
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(1)  Manual  Method  (continued) 

The  area  which  could  be  served  by  a  principal  watermain  was  calculated  fcr 
head  losses  of  20r ,  60'  and  100'. 

Sample  Calculations 

Diameter  of  pipe  ■■  12M 

C  -  120 

Ground  level  =  120*  below  supply  pressure. 


Dist.to 
Trunk 
Main  in 

Feet 


500 


Pressure 
of  Trunk 
Main  in 
Feet 


100 


Head 
Loss 

in 
Feet 


20 


Hydraulic 

Gradient 

Ft/1000 


40 


Cap.  in 
K,  G.  D. 
x  1.5 


7-35  Imp. 


Area 
Served 

in 
Acres 


117.0 


1000 
Sq.Ft. 


5100 


Pipe 
Spaci; 
in 
Feet 


10,20  . 


Note:  The  capacity  of  the  main  was  adjusted  by  a  factor  of  1.5  to  allow  for 
numerous  connections  which,  in  effect,  decreases  the  head  loss  alon.; 
the  main. 


Diameter  of  Local  Mains 

Local  mains  must  be  capable  of  supplying  water  for  a  fire  which  may  or 
at  the  same  time  as  the  maximum  day  demand.  This  amount  varies  fror. 
G.P.M.  for  low  density  residential  buildings  to  2500  G.P.M.  for  high-; 
apartments.  For  the  ultimate  plan,  a  flow  of  2500  G.P.M.  is  required  - 
be  supplied  in  the  middle  of  the  block.  There  are  three  conditions  o; 
supply  to  be  considered:- 

1.  The  fire  flow  may  be  taken  from  hydrants  on  adjacent  streets  wheiv 
the  local  mains  are  dead  ended. 

2.  For  blocks  that  are  more  than  600'  apart,  the  fire  flow  would  be 
taken  from  a  single  main  fed  from  both  ends  of  the  street. 

3.  The  fire  flow  may  be  taken  from  hydrants  on  adjacent  streets  where 
the  local  mains  are  fed  from  both  ends  of  the  street. 

For  conditions  1  and  2,  the  supply  required  is: 

2500  x  1.2  x  60  x  24  =   2.16  M.G.D.  (U.S.) 
2 

For  condition  3,  the  supply  required  is: 

2500  x  1.2  x  60  x  24  -  1.08  M.G.D.  (U.S.) 
4 
The  minimum  pressure  recommended  by  the  Underwriters  Association  is  IV  -. 
allowing  a  loss  of  head  in  the  local  main  of  100*  -  (20  x  2.31)  ■  54' • 
The  requirements  for  local  watermains  are  related  to  the  length  of  City 
blocks  in  the  following  table:- 
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conditio:?  i 

2  supplies,   both  dead  ended 

Fire  Flow 
M.G.D.(U.S) 

Dia.    of 
Watcmain 

Hydraulic 
Gradient 

Ft/lCOO 

Loss 

Feet 

Length  of 
Pipe 
Feet 

Length  of  block 
supplied  by 
l/ntermin 

2.16 
n 

ti 

ti 

Old     6" 
New    6" 
New    8" 

New  12" 

953 
263 
54 
6.5 

54 
tt 

it 

tt 

57 

205 

1,000 

8,300 

157 

305 

1,100 

8,400 

2 

C0NDIT1 
supplies,   fed 

frcn  both 

ends 

2.16 

Old     6" 

953 

54 

57 

214 

ti 

New     6If 

263 

it 

205 

510 

ii 

New     8" 

54 

it 

1,000 

2,100 

ii 

Nov:  12" 

6.5 

it 

8,300 

16,700 

4 

conditio: i  3 

supplies,    fed  frcn  both 

ends 

1.08 

Old     6" 

264 

54 

204 

508 

it 

New     6" 

73 

ti 

740 

1,580 

it 

New     8" 

15.1 

ti 

3,570 

7,240 

tt 

New  12" 

1.79 

tt 

30,000 

60,100 
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(2)  By  Computer 

The  analysis  of  a  pipe  network  is  now  done  in  our  office  with  the  aid  of  a  computer 
employing  the  Hardy  Cross  Method  of  network  analysis  in  which  a  flow  is  assumed  for  each 
pipe  and  then  by  trial  and  error  the  flow  in  the  system  is  balanced. 

Programmes  are  now  available  that  can  analyse  an  existing  system  or  a  proposed 
system  and  then  design  the  network. 

A  manual  of  instructions  for  the  user  is  part  of  each  programme  and  preparing  the 
necessary  data  is  a  matter  of  following  a  set  of  detailed  instructions.  The  advantage 
of  a  computer  programme  is  the  complete  results  of  the  analysis  are  printed  out  for 
each  pipe  in  the  system.  Illustration  of  a  computer  study  will  be  shown. 

The  results  of  a  computer  analysis  must  be  verified  by  actual  field  measurements 
before  the  computer  model  can  be  used  for  design  purposes.  This  is  done  by  comparing 
pressures  taken  at  a  group  of  hydrants  with  the  calculated  pressures. 


Illustrative  Problems 

(1)  Fire  Flow  Test 

Find  the  amount  of  flow  available  for  fire  protection. 

The  number  of  hydrants  may  vary  from  2  to  6.  Static  pressure  at  bydrant  near 
centre  of  group  is  read,  then  a  hydrant  is  opened  and  pressure  read  while  hydrant  is 
flowing . 

Static  pressures  =  45  p.s.i.  and  40  p.s.i. 
Flowing  pressure  measured  by  pitot  gauge  =  23  lbs. 
From  table  1  flow  =  597  Gpm  (Imperial). 
Calculate  flow  for  a  minimum  pressure  of  20  psi. 


Q2  -  Ql  hZ 
f  hi 

Q2  -  597  /2T 


h2  =  45-20 
hi  «  45-40 

1340  gpm. 


25  p.s.i. 
5  p.s.i. 


(2)  Measurement  of  "C"  -  Roughness  Coefficient 

Three  hydrants  are  located  on  a  6"  watermain  between  two  intersections 


_l 


-H.-..| 


<£ 


t_  L,    ±      >A_ 


l//lLVi? 
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r 


7^  m ' 


» 


J 


1 
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(2)     Mr».T;nTT»riPnt.   of  "C"  -  Roughness  Coefficient   (continued) 

static  eresimres  are  measured  at  hydrants  1  and  2.      Hydrant  \  is  opened  and  flow 
fcsarnSfd and^t "lfi*S   inutant,   procure  measured  again  at  hydrants  1  and  2. 
Readings   on  gauges  are:- 

Hydrant  1  =-452  psi  and  43  psi 

Hydrant  2  =  49  psi  and  13 |  psi 

Hydrant  3  =  I0j  psi 
from  table  1,  flow  Q  =  1.076  cfs; 

head  loss  -  difference  between  pressures  taken  at  hydrants  1  and  2  =  (49-132)  -  (45W3) 

=  33  psi  or  76.2  ft. 

Hydraulic  grade  slope  -  S  -  2h^  =   .03153  from  the  Ha&sn-Williams  formula 

2418 
Q  =  1.316CT  °'63  S  °'5U   and  rewriting  and  transposing,  the  equation  becomes 

C  -  S x  14-31 

.0.54 

.-.  C  =  1.Q76  0  c,  x  14.31 
.03153  °'54 

-  1^026  x  14.31  =  99.2 
0.155 

Design  of  Watermain  Extension 

The  Imported  Foods  Limited  want  to  build  on  Mararoni  Street  and  require  a  fire  flow  of 
2500  gpm.  The  new  watermain  must  be  extended  450'  and  ground  levels  slope  upwards  10  ft 
Available  pressure  measured  at  nearest  hydrant  -  /*0  psi. 

From  the  above  information,  the  maximum  allowable  head  loss  is 

40  psi  -  20  psi  -  10  psi  x  .433  =  15.67  psi. 
In  the  Hazen-Williams  tables,  head  loss  is  given  in  feet  per  thousand  feet 

.*.  15.67  psi  x  2.31  =  36«  per  450' 
which  becomes  80'  per  1000' . 
The  new  main  should  be  designed  for  fire  flow  plus  maximum  day  consumption. 

No.  of  acres  served  •*  5 

Pop.  »  300  ppa  x  5  acres  =  1500 
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Desipn  of  Watermain  Extension  (continued) 

Max.  day  consumption  =  1500  x  70  x  2  =  210,000  gals,  or  0.21  MGD 
Total  flow  required  -  2$00  g.p.m.  x  60  x  24  +  0.21  H.G.D.  - 

3.60  MGD  +■  0.21  M.G.D.  =  3-81  M.G.D. 

From  Table  2,  select  a  pipe  diameter  using  cement  lined  pipe.   C  '-'-   120 
3.81  M.G.D.  =  4-57  M.G.D.   U.S. 

A  12-inch  diameter  pipe  is  recommended. 
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—      , 

Circular  Outlet 

of  2-f 

Outlet 

with 

r_ 

^rer-sure 

C  "i 

0.9 

C  = 

0.8 

[Jiil  J  ana 

per  Minute 

Callon:-. 

pur  Minuti 

L 

}».:-..  i  . 

U.S. 

J  HIP  - 

U.S. 

Inijj. 

c .f .s. 

•5      1 

168 

99 
140 

149 

124 

.332 

1 

2 

235 

198 

209 

176 

.466 

1 

3 

290 

242 

258 

215 

.575 

4 

336 

280 

299 

249 

.667 

1 

5 

376 

313 

334 

278 

•  745 

r 

6 

412 

343 

366 

305 

.816 

7 

444 

370 

395 

329 

.881 

1 

8 

475 

396 

422 

352 

.941 

9 

504 

420 

448 

373 

-999 

10 

530 

442 

471 

393 

1.050 

i 

11 

557 

464 

495 

412 

1.104 

1 

12 

583 

485 

518 

431 

1.155 

13 

606 

505 

539 

449 

1.202 

14 

629 

524 

559 

466 

1.247 

r 

15 

650 

542 

578 

482 

1.289 

i — 

16 

672 

560 

597 

498 

1-331 

17 

692 

577 

615 

513 

1.371 

r 

18 

713 

594 

634 

528 

1.414 

19 

732 

610 

651 

542 

1.452 

20 

751 

626 

668 

557 

1.490 

r 

21 

770 

642 

685 

571 

1.528 

1 

22 

788 

657 

701 

584 

1.563 

23 

805 

671 

716 

597 

1.597 

r 

24 

823 

686 

732 

610 

1.632 

25 

840 

700 

747 

622 

1.666 

26 

857 

714 

762 

635 

1.699 

i  - 

27 

872 

727 

775 

646 

1.728 

28 

889 

741 

790 

659 

1.762 

1 

29 

905 

754 

805 

670 

1.795 

30 

920 

767 

818 

682 

1.824 

r 

31 

935 

779 

831 

693 

1.853 

1 

32 

950 

792 

845 

704 

1.884 

33 

965 

804 

858 

715 

1.913 

r 

34 

979 

816 

870 

725 

1.940 

I 

35 

994 

828 

884 

736 

1.971 

36 

1008 

840 

896 

747 

1.998 

i" 

37 

1022 

852 

909 

757 

2.027 

i 

38 

1036 

863 

921 

767 

2.054 

39 

1049 

874 

933 

777 

2.081 

uo 

1063 

886 

945 

788 

2.107 

i 

41 

1075 

896 

956 

797 

2.132 

42 

1088 

907 

967 

806 

2.156 

■ 

43 

1102 

918 

980 

816 

2.185 

44 

1115 

929 

991 

826 

2.210 

i 

45 

1127 

939 

1002 

835 

2.234 

Qrifice   Formula  - 

Q  =     CA     2gh 

C  =   .8     D  =  2^" 

Q  m  124.4     P     Imp.   G.P.M. 

1  c.f.s.  =  374.4  Imp.  G.P.M. 
449-3  US  G.P.M. 

C  =  .9  D  «  2£» 

Q  «  140.0     P       Imp.  G.P.M. 


I-. 
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TABLE   2 
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LECTURE  ON  WATERMA1N  APPURTENANCES 


PART  1 

PIPELINE   ENGINEERING 

Standard;;  applirable  to  materials  used  in  engineering  works  serve 
as  an  aid  to,  not  a  substitute  for,  engineering.   There  is  always 
a  need  for  the  exercise  of  engineering  judgement  in  selecting  the 
proper  material  and  applying  it  in  accordance  with  sound  engineer- 
ing principles,  in  order  to  effect  an  adequate  design  suited  to 
the  needs  of  the  pocketbook  of  the  owner. 

The  purpose  of  standards  is  to  consolidate  a  consensus  of  exper- 
ience with,  and  acceptance  of,  a  product  at  that  point  in  its  devel- 
opment and  use  wlien  document-of- compliance  criteria  can  be  established 
for  It.   The  standard  must  be  compatible  with  a  competitive  manufact- 
uring market  and  with  the  needs  of  users  for  obtaining  a  product 
physically  suited  to  job  needs,  the  product  should  be  neither  over- 
nor  underdesigned.   Cost  and  competitive  position  cannot  be  ignored. 


AWWA  Standards 

The  American  Waterworks  Association  has  standards  and  handbooks 
pertaining  to  the  manufacture,  selection,  design,  and  installation 
of  pipe  and  pipeline  appurtenances,  including  valves  and  hydrants. 
These  standards  embrace  steel,  concrete,  cast  iron,  ductile  iron, 
and  asbestos-cement  pipe.   The  designer  of  pipelines  has  a  wide 
choice.   The  various  types  of  pipe  are  competitive  with  each  other 
and  the  types  are  competitive  even  with  themselves.   There  are 
differences  in  design  philosophy  among  the  competing  groups  of  the 
pipe  industry  on  such  matters  as  safety  factor,  water  hammer  allow- 
ance, corrosion  and  corrosion  protection,  joint  design,  and  pressure 
ratings  -  to  name  .  ome  of  the  most  important.   The  person  making  a 
choice  of  type  or  jjips  for  his  particular  project  must  be  aware  of 
these  differences  and  of  their  impact  on  the  conditions  of  his 
project . 

It  would  be  wise  for  any  pipeline  engineering  organization  to  keep 
abreast  of  the  Litest  revisions  in  the  AWWA  Standards.   An  up-to- 
date  list  is  available  from  the  Association. 
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Pipe  Materials 

Change  takes  place  slowly  ami  with  deliberation  In  Lhe  pipeline  area 
of  the  water  works  industry.   This  is  true  for  several  very  sound 
reasons.   Pipe  covered  by  AWWA  Standards  must  have  long  life. 
Accepted  depreciation  practice  give  a  range  of  75-150  years.   Exper- 
ience records  indicate  that  this  range  is  conservative.   Water 
supply  is  a  stable  industry.  Obsolence  is  not  the  factor  it  is  in 
manufacturing  and  other  industries.   Replacement  is  costly.   The 
public  nature  of  the  water  supply  calls  for  sound  investment.   The 
risks  of  experimentation  are  too  great  when  adequate  materials  of 
proven  performance  and  long  life  are  available. 

In  a  review  of  the  history  of  pipe  for  water  system  use,  a  pattern 
can  be  discerned.   The  Materials  used  reflect  the  technological 
limitations  of  their  times.   Wood  pipe  had  a  brief  acceptance. 
Lead  and  ceramic  pipe  had  some  use.   Cast  iron  was  a  natural  entry 
on  the  scene.   With  the  development  of  the  steel  industry,  steel  pipe 
and  reinforced  concrete  pipe  entered  the  picture.   A  dominant  factor 
that  stimulated  progress  was  the  desire  to  improve  corrosion  resistance. 
Unprotected  ferrous  metal  pipes  experienced  serious  loss  in  value 
because  of  reduced  carrying  capacity.   Cement  mortar  linings  were 
perfected  and  proved.   Concrete  pipe  of  many  types  which  utilized 
the  strength  of  steel  and  the  corrosion  resistance  of  concrete,  appeared 
as  a  natural  outgrowth  of  the  development  of  structural  reinforced 
concrete.   Coal  tar  enamel  coatings  and  linings  for  steel  pipe  were 
conceived  and  proven,  making  feasible  the  use  of  thin-walled  steel  pipe 
with  its  excellent  strength  and  yieldability .   This  coating  and  lining 
material  is  in  competition  with  cement  mortar  used  for  the  same  purpose. 
Asbestos-cement  pipe  came  onto  the  scene  when  technology  and  quality 
control  made  possible  the  production  of  a  product  with  consistent  and 
predictable  quality.   It  adequately  needs  the  requirements  for  internal 
and  external  corrosion  resistence.   Ductile  iron  pipe  is  a  recent  entry. 
Its  ductility  permits  it  to  yield  under  exceptional  strains,  offering 
great  improvement  over  cast  iron  which  fractures  when  subject  to  fail- 
ure stress.   Because  of  its  greater  strength  and  ductility,  ductile  iron 
pipe  can  be  made  thinner  than  similarly-rated  cast  iron  pipe.  This 
change  will  require  greater  concern  where  corrosion  is  a  factor. 

Homogeneous  and  reinforced  plastic  pipe  are  already  on  the  scene.   They 
appear  to  have  great  promise,  but  require  experience  before  acceptance 
in  metropolitan  water  systems.   American  Society  for  Testing  and 
Materials  standards  are  available  for  homogenous  plastic  pipe, and 
standards  for  reinforced  plastic  pipe  are  under  consideration.   Many 
types  of  plastic  material  are  used  for  pipe.   These  materials  have 


-  79  - 


different  characteristics  which  must  be  understood.   AWWA  has  a 
committee  charged  with  the  responsibility  to  develop  a  standard 
for  the  selection  and  design  of  plastic  pipe  for  watermains  and  a 
manual  for  their  installation.   The  committee  is  also  charged 
with  the  task  of  developing  similar  documents  for  the  use  of  plastic 
pipe  for  water  service  lines. 


Selection  of  Pipe  Type 

The  various  types  of  pipe  available  have  special  applications  where 
they  are  ideally  suited.   This  fact  generally  restricts  choice, 
depending  on  whether  the  line  is  a  distribution,  arterial,  or 
transmission  main.   Distribution  mains  must  be  tapable  for  services 
at  moderate  cost.   In  small  systems  the  same  is  true  of  arterial 
mains.   Generally  speaking,  the  traditional  choice  for  distribution 
mains  are  cast  iron  and  asbestos-cement  pipe  with  ductile  iron  pipe 
rapidly  gaining  in  desirability.   In  sizes  above  12  inches,  ductile 
iron  pipe  is  often  lower  in  cost  than  cast  iron  pipe;  consequently, 
the  use  of  cast  iron  for  large  diameter  mains  is  declining. 

Facility  for  thrust  restraint  inherent  in  the  design  of  the  pipe 
joint  and  limitations  upon  the  use  of  thrust  blocking  may  dictate 
a  pipe  choice.   End  thrust  becomes  an  almost  irresistable  force  for 
diameters  above  30  Inches  and  pressures  above  100  psi.   There  are 
no  standards  for  joint  restraint,  and  there  are  many  types  in  use 
with  different  types  of  pipe.    Inherently  they  restrict  the  de- 
flectability  of  the  joint.   The  most  conservative  design  may  be  a 
flexible  pipe  with  a  rigid  joint  (  as,  for  example,  in  a  welded 
steel  pipeline),  but  there  then  may  be  limitations  on  type  of 
lining   to  use,  particularly  where  the  pipe  is  too  small  for  a  man 
to  enter  to  coat  effectively  the  welded  portion.   Cement  lining  in 
place  can  be  used  effectively  in  welded  steel  lines. 


Location  Conditions 

Field  conditions  may  have  an  important  bearing  on  the  choice  of  pipe. 
These  are  generally  more  relevant  in  crosscountry  pipe  lines.   Trans- 
portation, terrain,  soil  conditions,  backfill  material,  presence  of 
rock,  ground  water  conditions,  soil  corrosivity,  and  available  labour 
skills  may  affect  choice  of  pipe  material. 
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Design  Pressure 

The  use  of  pressure-class  ratings  for  pipe  probably  goes  back  to  the 

908  IwWA  standard  for  cast  iron  pipe,  where  alphabetical  class 
assignation  were  given  in  100  foot  head  increments,  beginning  with 
»?  as  the  lowest  for  a  100  foot  head.   Later  these  were  changed  to 
pressure-debated  classes  in  50  psi  increments,  beginning  with 
HTsTTo   and  ending  with  Class  350.   More  recently,  «-J^»P^ 
ratings  were  again  changed.   The  cast  iron  and  ductile  iron  pipe 
"andtrdrnow  use  a  thickness  class  method  ^*»?'£«™* l°  he 
pressures  for  different  laying  conditions  and  depths  of  cover.  The 
asbestos-cement  pipe  standards  use  pressure  ra tings  for  ttaj^cljJMJ. 
inn   150  and  200,  and  these  too  are  are  tied  in  with  selection  cur 
tnat  rSate  working  pressure,  laying  conditions,  and  depth  of  cover 
There  are  AWwI  standards  for  the  strength  and  thickness  design  of  cast 
Iron  and  d^tle  iron  pipe  and  for  the  -lection  of  -b-tos-cem 
pipe  based  upon  accepted  engineering  principles  for  the  consideration 
of  external  and  internal  loading  on  pipe. 

With  regard  to  the  selection  of  steel  and  concrete  pipe  the  user 
does  not  have  available  the  convenient  rating  "ferencee  applxc able  to 
the  types  of  pipe  previously  mentioned.   For  the  users  of  Bteel  pipe, 
however   the  comprehensive  Steel  Pipe  Manual  mentioned  is  published 
LTa^a'  and  is  available.   Another  AWWA  Manual,  Instal  at  on  of 
Concrete  Pipe,  is  not  so  comprehensive  and  does  not  cover  pipe 
design. 

Tn  the  use  of  the  steel  pipe  standards,  the  user  must  specify  the 

industry  to  use  design  steel  stresses  equal  to  50  percent  ot     J 
strength   The  user  must  be  familiar  with  this  practice,  due  a 
decide  whether  he  wishes  to  allow  steel  stresses  to  rise  up  to  the 
yield  point  in  resisting  surge  or  water  hammer  pressures    e 
must  be  able  to  determine  the  amount  of  surge  pressure  to  be  expected 
in  hia  system. 

or  be  permitted  to  encroach  on  the  stress  capability  up    tne  y 
point  of  the  steel. 
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External  Loading 

The  external  loading  conditions  providing  the  basis  for  the  select- 
ion of  various  pressure  rated  cast  iron  and  ductile  iron  pipe  are 
set  forth  in  standards  for  thickness  design  of  cast-iron  pipe  and 
in  the  parallel  standard  for  the  design  of  ductile  iron  pipe.   The 
external  loading  conditions  for  the  selnction  of  pressure  rated 
asbestos-cement  pipe  are  also  given  in  in  AWWA  Handbook.   There  are 
points  of  difference  and  it  is  appropriate  that  users  of  these  pipes 
study  and  understand  the  differences.   The  judgement  and  experience 
of  the  industry  injected  into  these  design  standards  relate 
especially  to  the  matter  of  safety  factur,  truck  load,  and  need  for 
water  hammer  allowance. 

It  is  difficult  to  distinguish  between  underdesign  and  overdesign  when 
comparing  types  of  materials  or  when  evaluating  the  degree  of  conser- 
vatisim  in  design.    It  is  significant  I  hat  the  bases  of 
design  are  only  concerned  with  ring  stress  under  load.   Beam  strength 
in  relation  to  a  rational  basis  of  design  is  not  evaluated.   Many 
failures,  especially  in  small  diameter  cast  iron  and  asbestos-cement  pipe 
are  known  to  be  due  to  beam  stresses  because  of  unequal  settlement 
or  partial  support  on  unyielding  soil  or  rock. 

With  regard  to  steel  and  concrete  pipe,  the  user  must  establish  the 
loading  and  laying  conditions  and  the  combinations  thereof  which  he 
considers  critical  to  the  application  of  the  pipe  to  his  particular 
job.   This  requires  a  through  knowledge  of  pipeline  engineering  and 
pipe  design.    Where  the  user  is  considering  competing  types  of 
pipe,  he  must  evaluate  points  of  difference  as  they  pertain  to  his 
application.   Such  matters  as  safety  factor,  effectiveness  of  prot- 
ective coatings,  and  pipe  deflection  in  the  trench  for  the  method  of 
backfilling  and  the  field  load  conditions  deserve  special  scrutiny. 


Corrosion  iJonsitlm  .ill ons 

Internal  i orrosion  with  (he  a«!  company  in*$  l(<        in  carrying  capacity 
cannot  }>•■    tolerated.    Most  old  cities  ij  e  p.-^ing  dearly  to  restore 
the  carrying  capacity  of  old  systems.   1'ropetly  designed  and  applied 
cement  tiio.tar  linings  are  providing  effective  protection  in  ferrous  metal 
pipes  today.      For  large  diameter  pipe,  coal  tar  enamel  linings 
are  effective.   AWWA  standards  are  available  for  shop  applied  cement 
mortar  and  coal  tar  enamel  linings.   Cement  mortar  lining  of  old 
and  new  pipe  in  place  is  also  covered  by  an  AWWA  standard.   Asbestos- 
cement  and  concrete  pipe  provide  the  required  corrosion  resistance 
to  maintain  the  strength  and  carrying  capacity  of  the  pipe  line. 
In  distribution  system  laterals,  the  emit  ml  of  free  lime  in  the 
cement,  by  choice  of  cement  and  additive;  grtd  by  proper  curing  methods 
is  desirable  because  of  free  lime's  effect,  on  the  mineral  content  and 
taste  of  water.   Asbestos-cement  pipe  can  be  manufactured  with  minimum 
free  lime  to  avoid  this  problem.   The  bit'iminous  seal  coat  used  in 
the  factory  applied  cement  linings  of  casl  and   ductile  iron  pipes 
effectively  solve  this  problem. 
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When  using  large  diameter  flexible  pipes  such  as  steel,  ductile 
iron  with  cement  linings  and  to  a  lesser  extent  with  coal  tar 
enamel  linings,  and  pretensioned  steel  cylinder  concrete  pipe, 
attention  must  be  given  to  limiting  deflection  due  to  external 
loadings.    Backfilling  and  bedding  methods  are  available  to  limit 
the  deflection.   It  is  most  critical  during  construction  before  the 
line  is  under  pressure.    Good  design  requires  that  deflection 
(expressed  as  a  percentage  of  the  original  diameter)  be  limited  to 
two  percent.   Coal  tar  enamel  linings  can  tolerate  more  deflection; 
however,  control  during  Installation  cannot  be  relaxed.   In  large 
diameter  installation,  the  use  of  stulls  to  elongate  the  vertical 
axis  is  effective  in  assuring  a  round  pipe  after  construction  is 
completed . 

The  proponents  of  prestressed  concrete  pipe  consider  it  essential 
that  the  concrete  lining  be  under  compression  to  avoid  hair  cracks 
in  the  lining  which  would  allow  water  to  come  in  contact  with  the 
steel  of  the  cylinder.   In  steel  pipe  and  nonprestressed  reinforced 
concrete  pipe,  hairline  cracks  are  avoided  by  including  the  water 
hammer  or  surge  pressure  in  the  design  pressure  and  by  limiting 
steel  stresses  to  a  value  of  one  half  the  yield  point.   The  pipe 
user  is  confronted  with  making  a  decision  on  these  points  for  which 
the  industry  provides  no  assured  answer.   It  may  be  that  the  choice 
lies  in  selecting  the  degree  of  conservatism. 

External  corrosion  must  be  avoided.   Generally  there  is  some  exper- 
ience in  the  area.   Where  soils  are  suspect,  soil  corrosivity  tests 
should  be  made  and  special  consideration  given  to  the  protection  of 
ferrous  metals.   Cast  iron  pipe  has  a  good  experience  record  in  most 
soil  environments.   Ductile  iron  has  been  shown  to  have  similar  pro- 
perties; however,  since  it  is  cast  to  thinner  sections,  more  atten- 
tion should  be  given  to  the  actual  soil  conditions  where  it  is  used. 
Where  soils  are  high  in  organic  matter  and  soil  moisture,  or  where 
the  water  table  is  above  the  pipe,  corrosion  can  be  expected. 

The  use  of  a  loose  fitting  plastic  film  tube  is  advocated  for  special 
corrosion  protection  of  cast  iron  and  ductile  iron  pipe.   Cathodic 
protection  is  sometimes  indicated.   It  should  be  used  as  an  adjunct 
to  a  good  protective  coating.   In  large  pipeline  installations, where 
the  line  is  a  continuous  conductor,  the  use  of  buried  magnesium  and 
anodes  at  regular  intervals  al6ng  the  line  is  sometimes  good  insur- 
ance.  The  problem  must  be  faced  realistically  where  the  pipeline  is 
a  continuous  conductor,  as  In  the  case  of  a  steel  line  with  welded 
joints.   Where  high  resistance  joints  (rubber  ring  joints)  are  used, 
the  designer  is  faced  with  the  vexing  problem  of  whether  to  bond  or 
not  to  bond.   A  high  resistance  pipeline  is  desirable  where  soil 
currents  are  not  present.   The  application  of  cathodic  protection  to 
such  a  pipeline  is  impractical  at  a  later  date.   General  practice  in 
the  water  works  field  is  not  to  bond  unless  severe  corrosive  condit- 
ions are  anticipated. 
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The  widespread  use  of  granular  backfill  gives  opportunity  to  reduce 
corrosion  potential  wlien  sand  is  used  f  >r  backfill  and  especially 
when  limestone  screenings  can  be  used.   To  be  fully  effective,  the 
granular  backfill  should  extend  completely  under  the  pipe  to  a 
minimum  depth  of  3  inches. 


Cost  Considerations 

If  the  user  of  pipe  wishes  to  make  a  selection  of  a  type  of  pipe  from 
all  possible  choices,  he  must  exercise  |udgement  and  understand  pipe- 
line construction.  He  must  be  familiar  with  the  points  of  difference 
between  the  design  of  the  various  types  of  pipe  and  with  their  short- 
comings and  limitations.  If  he  chooses  a  type  of  pipe  which  requires 
special  handling  and  backfilling,  he  must  be  prepared  to  provide  it; 
and  he  must  evaluate  that  whole  cost  in  making  a  choice.  In  the  pre- 
paration of  plans  and  specifications  for  large  pipelines,  accepting 
bids  on  alternate  types  of  pipe  may  be  good  business.  The  engineer 
should  be  able  to  make  a  clear  and  logical  choice  when  bids  are  in. 

basically  what  is  being  purchased  in  a  pipeline  is  carrying  capacity 
and  trouble-free,  long] if e  service,   If  the  purchaser  is  concerned 
about  the  amount  of  carrying  capacity  he  purchases  for  his  pipe  dollar 
-  and  he  should  be  -  lie  should  evaluate  the  carrying  capacity  of 
competing  types  of  pipe,  because  they  dt»  vary.    Inside  diameters  are  not 
the  nominal  diameter.     There  may  be  considerable  differences  in 
the  different  types  of  pipe  due  the  space  occupied  by  different  types 
of  linings.   For  example  the  inside  diameters  of  similarly  rated  cast 
Iron,  ductile  iron  and  asbestos-cement  pipe  for  nominal  diameter  of 
8  inches  is  8.01,  8.26  and  7.85  inches  respectively. 

The  thickness  of  cement  linings  in  cast  and  ductile  iron  pipes  is  very 
thin,  1/16  inch  for  sizes  3-12  inches,  1/32  inch  for  sizes  14-24  inches, 
and  1/8  inch  for  larger  sizes.   Cement  linings  used  in  steel  pipe  are 
thicker.   In  the  uxze   ranges  most  commonly  used,  they  are:  3/8  inch 
for  sizes  24-36  inches,  and  h   Inch  for  larger  sizes.   Coal  tar  enamel 
linings  are  3/32  of  an  inch  thick 

Roughness  factors  being  equal,  the  carrying  capacity  of  pipe  varies 
directly  with  the  2.63  power  of  the  inside  diameter,  based  on  the  Hazen 
Williams  formula.   Thus,  a  1  per  cent  difference  in  diameter  produces 
a  2.6  percent  difference  in  carrying  capacity. 

The  achievement  of   long  life  is  as  much  a  matter  of  engineering 
expertise  in  the  design  and  construction  of  a  pipeline  as  in  the  choice 
of  pipe.   Paramount  is  the  selection  of  the  proper  size  so  that  obsol- 
escence or  premature  replacement  does  nut  take  place.   This  is  largely 
a  matter  of  economics.    Thorough  supervision  and  inspection  of  the 
installation  and,  where  in  doubt,  of  the  manufacturing  process  are 
essential  to  the  attainment  of  a  Jong  lived  maintenance  free  pipeline. 
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Joint  Restraint 

One  of  the  major  problems  in  the  design  of  large  diameter  pipelines 
is  the  method  of  joint  restraint  to  be  used.   Failure  to  design 
restraint  capability  properly  into  the  line  may  well  be  responsible 
for  most  of  the  failures  experienced.   There  seems  to  be  no  clear-cut 
answer  to  this  problem.   The  forces  encountered  are  enormous.   For 
example   a  150  psi  pressure  results  in  a  thrust  of  approximately  Ih 
tons  for  20  inch  pipe  and  210  tons  for  60  inch  pipe.   Surge  pressures 
can  add  materially  to  these  values.   The  longitudinal  stress  due  to 
end  thrust,  if  exterior  blocking  is  not  used,  is  one-half  the  hoop 
stress  and  must  be  adequately  provided  for  in  the  barrel  of  the  pipe 
and  in  the  type  of  joint  restraint  used.   The  effect  of  these  stresses 
in  combination  with  other  stresses,  such  as  bending  stresses  due  to 
external  loads  or  nonuniform  bedding,  must  be  considered. 

In  larKe  diameter  pipeline  installations,  the  use  of  concrete  block- 
ing is  not  the  best  practice  in  city  streets.   There  is  always  the 
danger  that  an  adjacent  excavation  will  remove  the  restraining  earth 
behind  the  blocking.   Good  design  calls  for  a  restraint  of  joints  for 
a  distance  in  either  direction  from  the  fitting  or  appurtenance  which 
is  responsible  for  the  thrust  sufficient  to  transfer  the  stress  to  the 
soil  through  friction  until  the  longitudinal  stress  is  reduced  to 
zero.   The  determination  of  that  distance  requires  application  of  the 
principles  of  soil  mechanics. 

The  development  of  adequate  joint  restraint  in  pipe  has  been  in  a 
state  of  flux.   More  attention  has  been  given  to  this  problem  in  recent 
years   There  are  few  standards  and  some  of  those  have  shortcomings.   It 
external  clampsand  tie  rods  are  used,  adequate  corrosion  protection 
should  be  provided  in  order  for  the  line  to  have  no  weak  links .   Many 
failures  have  been  caused  by  corrosion  of  tie  rods  and  clamping  divices. 


Conclusion 

Standards  are  a  valuable  tool  in  pipeline  engineering,  but  the  design 
of  an  adequate,  long-lived,  maintenance  free  pipeline  requires  the 
application  of  sound  engineering  in  design,  choice  of  pipeline  mater- 
ials  and  installation. 


************************ 
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PART  2 

THICKNESS_DESIGN=OF_DUCTILE-IRON=PIPK 

The  American  Water  Works  Association  has  published  a  standard  for 
the  thickness  design  of  Ductile  Iron  pipe.   This  publication  has 
the  AWWA  nomenclature  of  H3-65  and  also  the  American  Standards 
Association  nomenclature  of  A21. 50-1965. 

The  method  of  thickness  design  of  ductile  iron  pipe  presented  in 
the  Standard  is  based  on  flexible  pipe  principles  developed  at 
Iowa  State  College  by  M.  G.  Spangler  and  his  Associates.   The 
principal  characteristics  that  distinguish  flexible  pipe  from  more 
rigid  types  of  pipe  are  as  follows: 

1.  In  a  flexible  pipe  the  bending  stress  from  trench 
load  is  reduced  by  the  lateral  soil  reaction  that  is 
developed  as  the  pipe  deflects  under  the  trench  load 
and  pushes  outward  against  the  sidefill  soil. 

2.  A  flexible  pipe,  initially  deflected  by  trench  load, 
is  partially  rerounded  by  internal  pressure,  and  the 
bending  stress  of  trench  load  is  thus  reduced. 

3.  A  flexible  pipe  is  usually  required  to  carry  less 
earth  load  than  a  more  rigid  pipe,  because  the  flexible 
pipe,  in  deflecting  under  the  earth  load,  transfers  a 
significant  part  of  the  load  to  the  sidefill  soil 
columns . 

These  characteristics  were  expressed  mathematically  by  Spangler  in 
equations  from  which  may  be  calculated  the  earth  loads  on  flexible 
pipe  and  the  bending  stresses  and  deflections  of  flexible  pipe  when 
subjected  to:  (1)  external  trench  load  and  no  internal  pressure  and 
(2)  external  trench  load  in  combination  with  internal  pressure. 
These  equations  are  applicable  to  pipe  made  of  various  elastic  metals, 
of  which  ductile  iron  is  one. 

The  Standard  details  design  criteria  and  factors  used.   Some  of  the 
more  interesting  factors  are  as  follows: 

1.   Numerous  calculations  have  shown  that  the  deflection  of 

pipe  designed  for  bending  stress  according  to  the  procedure 
in  the  Standard  will  not  exceed  2%  of  the  outside  diameter  of 
the  pipe,  a  deflection  at  which  the  cement  linings  will 
not  be  damaged. 
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2.  The  Standard  is  based  on  laying  the  pipe  in  a  flat 
bottom  trench  under  two  backfill  conditions.   One 
condition,  A,  is  for  untamped  backfill  while  the  other 
condition,  B,  is  for  tamped  backfill. 

3.  An  allowance  of  100  psi  is  added  for  water  hammer  surges 
to  the  design  working  pressure. 

4.  The  Standard  is  based  on  a  unit  weight  of  120  pounds  per 
cubic  foot  for  backfill  soil.   Soil  weights  generally  vary 
from  110-130  pounds  per  cubic  foot.   Experience  has  shown 
that  120  pounds  per  cubic  foot  is  commonly  considered  to 
be  a  conservative  value  for  most  installations. 

5.  The  truck  super  load  allowance  in  the  Standard  is  based 
on  two  passing  trucks  with  adjacent  wheels  3  feet  apart, 
9,000  pound  wheel  load,  unpaved  road  or  flexible  pavement, 
and  1.50  impact  factor.   These  loads,  in  most  cases,  equal 
or  exceed  the  static  load  from  a  single  AASHO  H-20  truck 
with  16,000  pounds  on  each  rear  wheel.   These  truck  super- 
loads  are  based  on  having  the  design  depth  of  cover  over 
the  pipe.   Consideration  should  be  given  to  the  loads 
that  may  be  transmitted  to  the  pipe  if  either  truck  super 
loads  or  heavy  construction  equipment  is  permitted  to  pass 
over  the  pipe  at  less  than  the  design  depth  of  cover. 

6.  Comparative  corrosion  tests  of  cast  iron  and  ductile  iron 
pipe  over  a  14  year  period  in  three  corrosive  soils  proved 
that  the  corrosion  resistance  of  ductile  iron  pipe  is  essen- 
tially the  same  as  that  of  gray  cast-iron  pipe.   Therefore, 
the  design  thickness  is  increased  by  0.08  inches  to  provide 
an  arbitrary  allowance  for  external  corrosion.   Present 
knowledge  indicates  that  this  corrosion  allowance  is  adequate 
for  most  soils. 

7.  The  standard  thickness  includes  a  casting  tolerance,  and 
the  standard  weight  is  calculated  from  this  thickness.   The 
average  thickness  of  a  pipe  is  controlled  by  the  minimum 
weight  limitation.   The  minimum  thickness  is  limited  by  the 
casting  tolerance. 

8.  Some  utilities  have  established  minimum  numbers  of  threads 
for  tapped  holes  in  pipe.   Consideration  should  be  given  to 
pipe  wall  thickness  and  tap  size  to  insure  serviceable  threaded 
connections.   Service  conditions  should  indicate  the  extent 

of  full  thread  engagement  necessary  and  the  necessity  for  use 
of  outside  sealing  corporation  stops,  tapping  saddles,  or 
other  fixtures.   To  facilitate  checking  the  number  of  threads 
for  taps  of  various  sizes  in  different  pipe  thicknesses, 
appropriate  tables  are  provided  in  the  standards  for  ductile 
iron  pipe. 
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Design 

The  required  thickness  of  ductile  iron  pipe  is  determined  by  con- 
sidering trench  load  and  internal  pressure  separately.   Calculations 
are  made  tor  the  thickness  required  to  resist  the  bending  stress  of 
trench  load  and  the  thickness  required  to  resist  the  hoop  stress  of 
internal  pressure;  the  larger  of  these  is  selected  as  the  net  design 
thickness.   To  this  net  thickness  is  added  a  corrosion  allowance  to 
obtain  minimum  manufacturing  thickness  and  a  casting  tolerance  to 
obtain  the  total  calculated  thickness.   Finally,  the  thickness  for 
specifying  and  ordering  is  selected  from  a  table  of  standard  class 
thicknesses . 

The  following  is  the  procedure  for  selecting  thickness. 

Step  1  -  Design  for  trench  load:   The  net  thickness  required  for 
"trench  load  under  the  more  usual  field  conditions  (Laying  Condit- 
ions A  and  B)  may  be  readily  determined  using  tables  1  and  2  of  the 
Standard.   These  tables  are  reproduced  as  part  of  these  notes.   The 
procedure  is  as  follows: 

a)  From  Table  1  determine  W  ,  the  trench  load  per  linear 
foot  of  pipe,  which  is  earth  load  (We)  plus  truck  super 
load  (Wj )  as  applicable. 

b)  Convert  the  above  trenchload  to  pounds  per  linear  foot 
per  inch  diameter  by  dividing  Wc  by  the  outside  diameter 
in  inches(D)  from  Table  l(^J- 

W 

c)  With  the  above  value  of  -^  and  the  appropriate  laying 

condition  (A  or  B) ,  determine  that  diameter-thickness 
ratio, -2-  from  Table  2. 

d)  Determine  the  required  net  thickness  of  the  pipe  wall  in 
inches,  t,  by  dividing  the  outside  diameter,  D,  by  the 
diameter  thickness  ratio,  D/t  .   This  will  be  the  net 
thickness  of  the  pipe  wall  required  to  support  the  trench 
load  under  the  conditions  assumed.   It  should  be  noted 
that  the  outside  diameter,  D,  is  constant  for  all  thick- 
nesses of  pipe  of  the  same  nominal  size.   Its  substitut- 
ion in  place  of  the  theoretically  correct  mean  diameter 
or  inside  diameter,  as  applicable,  introduces  no  signi- 
ficant error. 

Step  2  -  Design  for  internal  pressure:   The  net  thickness  required 
for  internal  pressure  is  computed  by  the  equation  for  hoop  stress: 

t  =  & 

in  which  t  is  net  thickness  in  inches,  p  is  working  pressure  plus 
surge  pressure,  in  pounds  per  square  inch,  D  is  outside  diameter  of 
pipe  in  inches,  and  s  is  design  hoop  stress  (16,800  psi) . 
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An  allowance  of  100  psi  surge  pressure  should  be  made.   When  surges 
more  than  100  psi  are  anticipated  an  analysis  of  the  conditions 
should  be  made. 

Step  3  -  Selection  of  Net  Thickness  and  Addition  of  Allowances; 

a)   The  net  thickness,  t,  is  selected  from  Step  1  or  Step 
2,  which  ever  thickness  is  larger. 


b) 


A  corrosion  allowance  of  0.08  inches  is  added  to  the 
net  thickness,  t.  The  resulting  thickness  is  the 
minimum  manufacturing  thickness,  t,  .   Where  severe 
corrosion  is  anticipated,  an  analysis  of  the  condit- 
ion should  be  made. 

c)    A  casting  tolerance  is  added  to  the  minimum  manufact- 
uring thickness,  t,  ,  and  the  resulting  thickness  is 
the  total  calculated  thickness. 

The  following  table  indicated  the  casting  tolerances: 

Size,  inches         Casting  Tolerances,  inches 

3-8  0.05 

10-12  °'06 

14-42  0.07 

48  0.08 


UI1C         U  i.  Lilt         ji.ui»uu»-         —  —  —  —  — «.  *.Krt 

(which  is  reproduced  herein).    The  standard  thickness  nearest  to  the 
ilculated  thickness  is  selected.    When  the  calculated  thickness  is 


selected . 


Design  Example  for  Selecting  Thickness  for  24-inch  Pipe: 
In  order  to  familiarize  you  with  the  tables  a  design  example  is  used. 
The  problem  is  to  calculate  the  thickness  for  24-inch  diameter  ductile 
iron  pipe  laid  on  flat  bottom  trench  with  tamped  backfill  under  5  feet 
of  cover  for  working  pressure   150  psi. 
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Step  1  -  Design  for  Trench  Load: 

Earth  load  from  Table  1   ■  1,290  lb/lin.  ft. 

Truck  Load  from  Table  1       769  lb/lin.  ft. 

Trench  load,        W6   =  2,059  lb/lin.  ft. 


Divide  trench  load  by  outside  diameter  of 

pipe: 

-f  ■  MM  -  8°  "•'««»■ 

Find   ~~-  =  80  in  Table  for  Laying 

Condition  B,  and  read  the  required  value  of  the  diameter-thickness 

ratio,   D   _  .>2 
t 

Divide  this  ratio   into  the  outside  diameter  of  the  pipe  to  obtain 
net  thickness: 

t  =  2*'f°  =0.23  inches. 

Step  2  -  Design  for  Internal  Pressure : 

a)   Water  Pipe: 

Working  Pressure   =150  psi 
Surge  pressure    =  100  psi 

Design  pressure   =  250  psi. 

Then , 

t  .  250  x  25  80  =   „  in. 
2  x  16,800 

Step  3  -  Selection  of  net  thickness  and  addition  of  allowances: 

The  larger  of  the  thicknesses  is  given  by  the  design  for  trench  load, 
Step  1,  and  therefore  0.23  in.  is  selected  as  the  net  thickness  for 

water  . 
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Step  3  -  Continued 


Net  thickness  =0.23  in. 
Corrosion  Allowance   =  0.08  in. 

Minimum  manufacturing  thickness  =  0.31  in. 
Casting  tolerance  -  0.07  in. 


Total  calculated  thickness  -  0.38  in. 


Step  4  -  Selection  of  standard  thickness;  The  total  calculated 
thickness  of  0.38  in.  is  less  than  the  smallest  standard  thickness 
shown  in  Table  6.  Therefore,  the  smallest  standard  thickness,  0.41 
inches,  Class  1,  is  selected  for  specifying  and  ordering. 


Conclusion 

The  American  Standard  for  the  thickness  design  of  Ductile  Iron  Pipe 
is  a  handy  tool  for  use  if  the  user  is  aware  of  its  limitations. 
The  Standard  should  not  be  used  without  familiarity  with  the 
design  criteria  used  in  developing  it. 

Thickness  Design  of  Cast  Iron  Pipe:   AWWA  also  has  a  Standard  (Hl-67) 
for  the  thickness  design  of  cast  iron  pipe.  This  standard  is  set  up 
in  a  similar  basis  to  the  one  previously  discussed  for  ductile  iron 
pipe.   In  addition,  the  Standard  provides  for  the  thickness  determin- 
ation for  pipe  on  piers  or  piling  above  ground  or  underground  which 
may  be  of  interest  to  designers. 

Furthermore,  this  Standard  discusses  in  detail  unusual  installation 
conditions  with  respect  to  earth  loads.   The  ditch  condition  is  the 
most  common  method  of  installing  cast  iron  pipe  and  is  the  basis  of 
the  earth  load  shown  in  the  Tables  in  the  Standard.   Ditch  condition 
denotes  pipe  laid  in  relatively  narrow  trench  and  backfilled  to  the 
original  ground  surface.  The  trench  width  at  the  top  of  the  pipe 
determines  the  load  and  the  ditch  may  be  widened  above  the  top  of  the 
pipe  for  installation  convenience  without  increasing  the  load  on  the 
pipe. 
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AMERICAN    STANDARD 


Earth  Loads  (W.)  and  Truck  Superloads  (W,) 
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Truck 
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Load 
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Load 
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S  ft  ( 

.176 
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54 
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.1 
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81 
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40 

\ 

4.80 
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81 
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54 

ft 

6.90 
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94 

8 
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297 
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10 
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972 
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621 
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1? 
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14 
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915 

540 

1.478 
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16 

17.40 
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1,307 
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879 

945 
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18 
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964 

975 
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1.560 
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70 

21.60 
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Qab 
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9 
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564 
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6.12 

42 
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48 
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20-It  Cover 
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3 
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27 
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14 
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9 

1,852 

7 

4 
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40 
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27 
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18 
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14 

ft 
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68 
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40 
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26 
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20 

R 
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36 
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28 

10 
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45 
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^^ 

1? 

1.1.20 
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81 
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53 
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41 

14 
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48 

16 
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81 
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62 

IS 
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3,900 

89 
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69 

20 
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83 

?A 
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3D 
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143 
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4? 
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48 
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SOURCE:   American  Standard  for  Thickness 
Design  of  Ductile  Iron  Pipe 
(A21. 50-1965). 
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There  are  two  unusual  installation  conditions  that  are  also  discussed 
These  are  positive  projection  and  negative  projection  embankment 
conditions.   Positive  projection  condition  denotes  pipe  laid  on  ton 
of  a  subgrade  and  covered  with  fill.  Negative  projection  condition 
denotes  pipe  laid  in  a  trench  in  the  subgrade  and  covered  with  fill 
which  extends  substantially  above  the  subgrade.   The  methods  for 
calculating  earth  loads  for  these  two  unusual  conditions  are  set  out 
in  the  Standard. 


********************** 
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T1IICKNKSS    DESIGN    OK    DUCTIt.K-IKON    Pli'F. 

TABLE  2 

Diameter-ThU kness  Ratios 
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D 

(i.'/l/m. 

V 

it/ft 

fin. 

i 

Ib/fl/i*. 

r>t 

A* 

ist 

A* 

»* 

A« 

I't 

t 

62 

73 

120 

62 

74 

119 

94 

108 

89 

189 

200 

59 

6J 

74 

IIS 

96 

109 

88 

194 

206 

58 

64 

75 

117 

98 

111 

87 

200 

212 

57 

65 

76 

116 

99 

113 

86 

207 

218 

56 

66 

77 

115 

101 

115 

85 

214 

22S 

55 

66 

78 

114 

103 

117 

84 

221 

232 

54 

67 

75 

coi 

105 

IIS 

83 

230 

240 

53 

68 

<M> 

107 

120 

82 

238 

248 

52 

69 

81 

in 

109 

122 

81 

246 

257 

51 

70 

82 

110 

(II 

124 

80 

256 

265 

50 

7' 

83 

109 

114 

127 

79 

265 

275 

49 

71 

84 

108 

116 

129 

78 

276 

285 

48 

72 

85 

107 

119 

132 

77 

287 

297 

47 

73 

86 

106 

122 

134 

76 

300 

309 

46 

74 

87 

105 

124 

137 

75 

312 

321 

45 

75 

88 

104 

127 

140 

74 

326 

335 

44 

76 

89 

103 

130 

142 

73 

340 

349 

43 

77 

90 

102 

133 

145 

72 

357 

365 

42 

78 

91 

101 

136 

149 

71 

373 

382 

41 

SO 

92 

100 

139 

152 

70 

391 

400 

40 

SI 

93 

99 

142 

155 

69 

411 

420 

39 

82 

94 

98 

146 

159 

68 

432 

441 

38 

83 

96 

97 

151 

163 

67 

456 

464 

37 

84 

97 

96 

1S5 

166 

66 

481 

489 

36 

86 

99 

95 

159 

170 

65 

508 

516 

35 

87 

100 

94 

163 

175 

64 

538 

545 

34 

88 

102 

93 

167 

179 

63 

570 

577 

S3 

90 

103 

92 

173 

184 

62 

606 

612 

32 

9i 

104 

91 

177 

189 

61 

644 

652 

31 

93 

106 

90 

183 

194 

60 

688 

694 

30 

•  Laying  Condition  \:  Hat-bottom  trench,  without  btocks.  untamped  backfill, 
f  Laying  Condition  B:  flat  bottom  trench,  without  blocks,  tamped  backfill. 


between  two  tabulated  values,  the  larger  -=*  should  be  used. 


H', 


SOURCE:  American  Standard  for  Thickness  Design 
of  Ductile  Iron  Pipe  (A21 .50-1965) . 
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THICKNESS    DESIGN    OF    DUCTILE-IRON    PIPE 

TABLE  6 
Standard  Thickness  Classes  of  Ductile- Iron  Pipe 


=■ 

Thickness  Class 

91m 

l 

2 

i 

4 

s 

6 

Tlilckn«s— 1"». 



3 
4 
6 

0.28 

0.29 
0.31 

0.31 

0.32 
0.34 

0.34 
0.35 
0.37 

0.37 
0.38 
0.40 

0.40 
0.41 
0.43 

8 

to 

12 

0.33 
0.35 
0.37 

0.36 
0.38 
0.40 

0.39 
0.41 
0.43 

0.42 
0.44 
0.46 

0.45 
0.47 
0.49 

14 
16 
18 

0.36 
0.37 
0.38 

0.39 
0.40 
0.41 

0.42 
0.43 
0.44 

045 
0.46 
0.47 

0.48 
0.49 
0.50 

0.51 
0.52 
0.53 

20 
24 
30 

(Ctl) 

0.42 
0.44 
0.47 

0.45 
0.47 
0.51 

0.48 
0.50 
0.55 

0.51 
0.53 
0.59 

0.54 

0.56 
0.63 

36 
42 

48 

0.48 
0.S3 
0.58 

0.53 

O.S9 
0.65 

0.58 

0,65 
0.72 

0.63 
0.71 
0.79 

0.68 
0.77 
0.86 

0.73 
0.83 
0.9J 

SOURCE:  American  Standard  for  Thickness 
Design  of  Ductile  Iron  Pipe 
)A21. 50-1965). 
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LECTURE  ON  WATERMAIN  APPURTENANCES 

PART  3  APPURTENANCES  TO  WATERMAINS 

1 .    Joints 

There  are  many  ways  of  joining  two  pieces  of  pipe  together. 
I  will  not  attempt  to  explain  in  detail  all  the  different 
types  of  joints  available  but  only  those  most  commonly  used. 

a)  Mechanical  Joint 

The  mechanical  joint  is  an  adaption  of  the  stuffing-box 
principle.  It  consist  of  a  socket,  or  special  bell, 
provided  with  a  flange  cast  integral  with  it;  a  cast 
iron  gland  or  follower  ring,  a  rubber  gasket,  and 
necessary  bolts  and  nuts.   Perusal  of  the  cross-sectional 
drawing  shown  on  page  20  will  indicate  that  tightening 
of  the  bolts  results  in  compression  of  the  rubber  gasket 
and  thereby  a  sealing  of  the  pipes. 

Mechanical  joint  cast  iron  or  ductile  iron  pipe  offers 
many  advantages  in  addition  to  providing  a  bottle-tight 
joint  for  all  working  pressures.   It  permits  considerable 
deflection  as  well  as  longitudinal  expansion  and  contract- 
ion in  line  without  causing  leakage.   For  example,  an 
8-inch  diameter  watermain  can  be  deflected  up  to  5  degrees 
at  the  joint  to  assist  in  changing  the  alignment  of  the 
main.   In  addition,  the  joint  is  relatively  easy  to 
assemble  and  requires  only  a  ratchet  wrench  for  assembly. 

The  joint  is  primarily  used  for  connecting  fittings  such 
as  tees,  wyes,  crosses,  valves   and  bends  to  cast  iron 
and  ductile  iron  watermains.    There  is  also  a  mechanical 
joint  available  for  asbestos-cement  watermains. 

b)  Push-on  Joints 

A  push-on  joint  is  primarily  a  bell  and  spigot  rubber 
gasket  joint.   Again  the  rubber  gasket  is  compressed  to 
provide  a  seal  between  the  two  pipes.   Perusal  of  the  sketch 
on  page  20  indicates  that  a  longitudinal  push  on  the  pipe 
causes  the  necessary  compression  of  the  ring  to  join  the 
two  pipes  together. 

Since  only  one  component  is  required  for  cast  iron  and 
ductile  Iron  pipe  the  joint  provides  easy  and  rapid  assembly, 
Again,  as  in  the  mechanical  joint,  the  pipe  may  be  deflected 
up  to  5  degrees  to  permit  changes  in  watermain  alignment. 
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STANDARD     MECHANICAL  -  JOINT 


CAST     and    DUCTILE    IRON    PIPE 


/<//// 


mssmm. 


STANDARD  BELL  and    SPIGOT   JOINT 

for 
CAST    and    DUCTILE    IRON    PIPE 
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b)    Push-on  Joints-Continued: 

A  similar  type  of  joint  is  available  for  asbestos-cement 
pipe.   This  joint  consist  of  a  separate  outer  ring 
equipped  with  two  gaskets  to  provide  compression  against 
both  pieces  of  pipe  being  joined. 

Similar  joints  are  available  for  reinforced  concrete  and 
steel  pipe. 


c)  Dresser  Couplings 

Dresser  Couplings  are  a  form  of  mechanical  joints.   They 
consist  of  a  middle  ring  with  a  centre  stop  preventing 
adjacent  pipe  ends  from  butting  end  to  end;  rubber  gaskets, 
and  follower  glands  tied  together  with  bolts. 

d)  Victaulic  Couplings 

Victaulic  Couplings  are  a  form  of  mechanical  joint  con- 
sisting of  a  bolted,  segmental,  clamp  type  mechanical 
coupling  whose  housing  encloses  a  rubber  gasket.   The 
housing  locks  the  pipe  end  together  to  prevent  end  move- 
ment, yet  allow  some  degree   of  flexibility  and  alignment. 
Ends  of  pipe  must  be  especially  prepared  to  accommodate 
Victaulic  couplings.   This  is  done  by  grooving,  banding, 
rolling,  or  welding  adapters  to  pipe  ends. 

e)  Other  methods  of  Jointings 

Field  welding  of  water  pipe  joints  is  used  quite  extensively 
on  steel  pipe  24  inches  in  size  and  over.   Welded  joints 
provide  permanent  tightness  and  strength.   Several  kinds  of 
field  welded  joints  are  satisfactory  including  single  welded 
butt  joints  for  lap  welding,  single  and  double  welded  butt 
joints . 

In  addition,  no  thesis  on  jointing  of  watermain  pipe  is 

complete  unless  mention  is  made  of  lead  jointing.   In  by 

gone  years  this  was  the  predominent  method  of  jointing  cast 
iron  pipe. 


Tees  and  Crosses 

Tees  and  Crosses, as  their  name  implies,  provides  for  three-way  and 
four-way  branches.   Cast  iron  fittings,  with  various  joints,  are 
available  for  cast  iron,  ductile  iron,  and  asbestos-cement  pipe. 
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Tees  and  Crosses  -  Continued 

American  Standard  A21.10  -  1964,  which  also  bears  AWWA  number 
C110-64,  is  available  for  cast  iron  fittings  in  the  range  of 
2-inch  to  48-inches.   This  Standard  provides  for  mechanical 
joints,  push-on  joints  and  flanged  joints.   In  addition,  it 
is  possible  to  obtain  these  fittings  with  one  end  as  a  plain 
end  to  provide  for  the  bell  end  of  an  adjoining  pipe. 

All  tees,  and  in  some  cases  crosses,  require  blocking  to 
prevent  longitudinal  movement.   It  is  proposed  to  discuss  the 
blocking  of  fittings  subsequently  in  these  notes. 

Tees  and  Crosses  are  normally  manufactured  at  the  plant  for 
steel  and  reinforced  concrete  pipeline. 

Bends 

Cast  iron  bends  are  available  for  cast  iron,  ductile  iron  and 
asbestos-cement  pipe  for  90,  45,  22^,  and  ll'i  degrees  .   In 
general  the  same  joints  are  available  for  these  fittings  as 
previously  described  for  tees  and  crosses. 

Bends  may  be  manufactured  for  steel  and  reinforced  concrete 
pipe  to  any  angle  required. 

It  is  also  necessary  to  provide  blocking  for  bends  to  resist 
the  thrust  developed  at  the  change  of  direction. 


4.  Reducers 

It  often  becomes  necessary  to  change  the  size  of  a  pipeline  at 
a  particular  point.   It  is  possible  to  purchase  cast  iron  reducers 
in  a  wide  range  of  sizes  covering  most  possibilities  with  respect 
to  cast  iron,  ductile  iron   and  asbestos-cement  watermains .   The 
manufacturers  of  steel  and  reinforced  concrete  pipe  will  provide 
shop  made  reducers  as  required. 

5.  End  Plugs 

All  dead-end  watermains  should  be  capped  with  an  end  plug.   Cast 
iron  end  plugs  are  available  with  various  joints  required  to 
accommodate  cast  iron,  ductile  iron  and  asbestos-cement  pipe. 

It  is  important  that  end  plugs  be  properly  blocked  to  eliminate 
blow-off  of  the  last  section,  or  more,  of  pipe.   The  blocking 
should  be  installed  in  such  a  way  as  to  allow  for  easy  removal 
of  the  plug  at  the  time  it  is  necessary  to  extend  the  main.   it 
is  also  desirable  to  provide  a  blow-off  to  drain  the  section  of 
watermain  prior  to  removal  of  the  plug. 
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Valves 

Valving  in  the  distribution  system  is  exceedingly  important 
if  reliable  service  is  to  be  rendered.   Valves  should  be 
spaced  to  minimize  the  area  that  would  be  deprived  of  water 
service  in  the  event  of  a  planned  or  emergency  shut  down.   It 
is  common  practice  to  install  three  valves  at  a  four-way 
intersection  and  two  valves  at  a  three-way  intersection.   It 
is  difficult  to  establish  any  rule-of-thumb  for  the  spacing  of 
valves  because  it  is  dependent  upon  the  density  of  land  use. 
In  both  industrial  and  multiple  family  residential  areas  valves 
should  be  spaced  closer  together  to  minimize  the  impact  of  main 
shut  down.   In  present-day  residential  subdivisions  the  tendency 
is  towards  curvilinear  street  patterns  and  a  minimum  number  of 
intersections  and  it  thus  is  necessary  to  consider  the  addition 
or  deletion  of  valves  depending  upon  the  watermain  layout. 

Ordinary  gate  valves  are  most  commonly  used  in  a  distribution 
system.   These  valves  are  lowest  in  cont  and  are  usually  satis- 
factory for  ordinary  operating  conditions  where  the  differential 
pressure  between  up  stream  and  down  stream  sides  is  not  great 
when  the  valve  is  closed.   Under  high  differentials,  these  valves 
are  frequently  impossible  to  operate. 

Although  gate  valves  are  usually  of  double-disc  construction 
and  are  effective  in  stopping  flow  in  either  direction,  single  seat 
gate  valves  could  be  substituted  when  the  pressure  is  in  one 
direction  only. 

In  specifying  valves  the  designer  must  specify  the  direction  of 
opening  and  this  must  be  consistent  with  the  bulk  of  valves 
presently  within  the  system.   In  addition,  the  designer  must 
specify  the  size  of  operating  nut  to  be  consistent  with  tools 
carried  by  the  maintenance  operation. 

There  are  other  types  of  valves  available  for  use  particularly 
with  respect  to  main-line  watermain.   One  of  these  is  the  Butter- 
fly valve  which  should  be  investigated  when  consideration  is  being 
given  to  valves  in  excess  of  16  inches.   This  valve  is  gaining  in 
popularity  due  to  improvements  in  seat  construction  that  have  made 
tight  closures  possible  in  the  right  conditions:  Consideration  can 
also  be  given  with  respect  to  sizing  a  main-line  valve  of  reducing 
the  size  of  valve  for  economic  purposes.  The  installation  of  a 
valve  less  than  the  diameter  of  the  pipe  increases  the  head  loss 
through  the  valve  and  the  hydraulics  of  this  situation  should  be 
thoroughly  investigated. 
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7 .  Valve  Boxes  and  Stems 

In  order  to  permit  operation  of  valves  in  a  distribution  system 
it  is  necessary  to  provide  access  to  the  operating  nut.   This 
is  normally  provided  by  the  use  of  a  valve  box  and  stem.   The 
stem  is  a  hollow  cylinder  that  fits  over  the  operating  nut.   The 
valve  box  is  attached  to  the  top  of  the  stem  and  provides  access 
from  the  ground  surface.   The  stem  and  box  assembly  should  be 
adjustable  to  permit  levelling  with  respect  to  road  works. 

8.  Valve  Chambers 

Valve  Chambers,   or  underground  vaults,  are  usually  provided  for 
large  valves.   There  appears  to  be  a  wide  variation  in  the  use 
of  valve  chambers  and  it  is  difficult  to  determine  a  consensus 
of  present  practice.   In  general  it  is  difficult  to  justify 
valve  chambers  for  smaller  distribution  valves  as  it  rarely  is 
necessary  to  disturb  the  valve  after  installation. 

When  it  becomes  necessary  to  design  a  valve  chamber  consideration 
should  be  given  to  the  use  of  precast  products.   There  are  pre- 
cast bases,  barrels,  and  top  slabs  available  from  various  manu- 
facturers.  In  many  instances  it  is  necessary  to  design  and  con- 
struct large  chambers  of  reinforced  concrete.   The  design  of  a 
valve  chamber  should  give  consideration  to  the  purpose  for  which 
it  is  intended  and  provides  sufficient  space  inside  for  that  use. 


Hydrants 

Fire  protection  manuals  suggest  that  hydrants  be  spaced  so  that 
no  dwelling  is  more  than  300-400  feet  from  a  hydrant.   Ir  areas 
of  Intensified  land  use  such  as  industrial,  commercial  or  multiple 
family  residential  additional  thought  must  be  given  to  the  spacing 
of  hydrants  particularly  with  respect  to  the  provision  of  hydrants 
on  private  property.   It  would  be  advisable  to  check  with  with  your 
local  Fire  Chief  with  respect  to  the  physical  location  of  hydrants. 
In  our  instance  the  Fire  Chief  requests  that  hydrants  be  generally 
placed  between  the  fire  station  and  the  area  to  be  serviced  by  the 
hydrant.   For  example,  on  a  short  cul-de-sac,  it  is  recommended  that 
the  hydrant  be  placed  at  the  intersection  on  the  station  side.   The 
logic  for  this  recommendation  is  that  it  would  require  less 
vehicle  movement  than  if  the  hydrant  was  placed  at  the  end  of  the 
cul-de-sac  where  designers  sometimes  like  to  place  It  for  blow  oft 
purposes . 
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9,   Hydrants  -  Continued 

ALi  hydrants  should  be  equipped  wlih  a   shut  off  valve  between 

the  hydrant  and  the  main.   This  facilitates  the  maintenance  and 
replacement  of  hydrants  without  disturbance  to  the  flow  in  the 
main.   All  hydrants  are  equipped  with  drainage  ports  and  the 
backfill  around  the  port  should  be  sufficiently  porous  to  permit 
drainage  of  water  left  within  the  hydrant  after  use.   If  the 
hydrant  does  not  drain  there  is  a  possibility  of  the  hydrant 
freezing  in  the  winter  and  damage  being  done  to  the  working 
mechanism.   All  hydrants  should  be  properly  blocked  to  resist 
longitudinal  movements  caused  by  thrust. 


10.    Blocking  of  Fittings 

All  pipes  having  joints  in  which  longitudinal  movement  is  not 

positively  restricted,  require  external  anchorages  or  blocking, 

to  resist  the  thrust  developed  at  changes  of  direction  and  blank 
ends . 

! 


V 


The  magnitude  of  these  thrust  which  act  in  the  direction  shown 
by  the  arrows  in  the  above  diagram  are  as  follows :- 


for  blank  ends,  thrust  =  A  x  P 

for  bends     ,  thrust  =  A  x  P  x  2  Sine  %d; 

where  A  -  area  of  pipe  in  square  inches, 

P  =  working  pressure  (including  surge  allowance 
if  applicable)  in  p.s.i., 

d  =  angle  of  deviation  of  bend. 
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10.    Blocking  of  Fittings  -  Continued 

At  average  velocities  the  dynamic,  thrust  due-  to  changes  In  direction 
of  the  flowing  water  are  insignificant;  however,  at  lilgli  velocity 
allowances  should  be  made  for  this  additional  thrust. 

Dynamic  thrust  acts  in  the  same  direction  as  the  pressure  thrust 
and  can  be  determined  from  the  following  equation: 


2 
2  x  W  x  A  x  V  sine  ^d 


144g 


where  W  =  weight  of  fluid  in  lbs/cu.ft  (62.4) 

G  =  acceleration   due  to  gravity  (32.2  feet 
per  second  per  second) 

V  =  the  velocity  of  flow  in  feet  per  second 


The  anchorages  should  be  conservatively  designed,  taking  into  full 
account  the  maximum  pressure  the  main  is  to  carry  on  test  or  in 
service,  and  the  horizontal  holding,  power  of  the  surrounding  earth. 

Flexible  joints  of  the  compressed  gasket  type  offer  no  appreciable 
resistance  to  blow-out  and  anchorages  should  be  fitted  at  all  bends 
and  closures  if  the  working  or  test  pressure  exceeds  a  few  pounds 
per  square  inch.   There  are  many  different  methods  available  that 
can  be  used  for  providing  the  necessary  blocking.   Included  at  the 
end  of  these  notes  are  standard  drawings  of  various  cities  that  are 
being  considered  by  a  sub-committee  of  the  City  Engineers  Association 
and  the  Ontario  Water  Resources  Commission  for  the  basis  of  standard 
drawings  to  be  circulated  to  all  municipalities  for  their  consider- 
ation as  to  use. 

It  should  be  noted  that  all  blocking  should  be  brought  to  undisturbed 
ground  to  get  the  maximum  bearing  pressure  from  the  soil. 

The  following  problems  are  submitted  to  indicate  how  the  equations 
might  be  used. 

Problem  1 


The  problem  is  to  design  a  thrust  block  at  the  end  of  a  12-inch 
diameter  watermain  which  is  expected  to  operate  at  80  psi,  tested 
at  140  psi  and  which  will  not  likely  be  subject  to  any  significant 
surge.    It  has  been  determined  that  a  safe  bearing  load  for  the 
undisturbed  soil  is  2,000  lbs  per  square  foot. 
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From 


tin.-  equation  for  blank  ends  it  can  be  determined  that 


Thrust  =  A  x  P 


=  tf  D2  x  140 


=  15,800  lbs 


140  psi  was  used  as  that  is  the  highest  pressure  that  the  line 
will  be  forced  to  hold.   The  nominal  diameter  oi  the  pipe  is 
used  as  any  greater  accuracy  is  not  needed.   No  allowance  is  made 
for  dynamic  thrust  as  the  velocity  is  not  usually  severe. 

The  area  of  the  bearing  portion  of  the  thrust  block  is  determined 
as  follows: 

safe  bearing  pressure        =  2,000  lb/sq.ft. 
Thrust  =15,500  lbs 

Therefore  area  required      =  7.9  sq.ft 
or  approximately   2ft.  8  inches  sqaure. 


Problem  2 

The  problem  is  to  determine  the  bearing  area  for  a  90  degree  bend 
in  a  12-inch  diameter  watermain  having  the  same  characteristics 
with  respect  to  pressure  and  soil  as  in  Problem  1: 


Thrust   =  A  x  P  x  2  sine  Sjd 

=  -if  D 

x  140  x  2  sine  45  degrees 

4 
=  22,400  lbs 

Safe   bearing    capacity   =    2,000    lbs/sq.ft. 

Therefore   area  =22,400 

2,000 

=    11.2    sq.    ft. 
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A  few  calculations  will  indicate  that  the  bearing  area  required 
for  large  diameter  watcrmains  tends  to  become  excessive.   U'lieu 
this  occurs  special  consideration  must  be  given  to  the  design  of 
the  blocking  or  to  the  tieing  of  joints  on  the  pipe  so  that  the 
thrust  are  take  up  by  the  pipe  itself.   There  is  also  the  danger 
that  excavation  for  other  services,  in  the  street,  could  result 
in  the  blocking  being  disturbed  and  consideration  should  be  given 
in  the  design  of  the  blocking  of  this  possibility. 


11.    Service  Connections 


Service  connections  can  be  provided  by  the  use  of  copper,  cast 
iron,  ductile  iron,  asbestos-cement,  plastic  or  of  the  other 
available  vatermain  materials.  The  most  common  material  used 
is  copper,  soft  type  K,for  house  connections.  Various  munici- 
palities have  different  standards  on  the  minimum  size  required 
for  a  single  family  residential  and  it  is  normally  recommended 
that  this  size  be   three-quarters  of  an  inch. 

Water  services  should  be  equipped  with  a  corporation  stop  and 
a  curb  stop.   The  corporation  stop  is  attached  to  the  watermain 
and  is  threaded  into  the  wall  of  the  main.   As   indicated 
previously  consideration  should  be  given  to  pipe  wall  thick- 
ness and  tap  size  to  ensure  serviceable  threaded  connections. 
The  corporation  stop  has  a  shut  off  so  that  the  stop  may  be  set  in 
the  line  under  pressure  and  subsequently  open  for  service. 

The  curb  stop  is  normally  situated  at  the  property  line  and  provides 
a  shut  off  in  the  event  that  maintenance  work  is  required  on  the 
private  service.   The  curb  stop  consists  of  a  valve,  valve  stem  and 
box  similar  to  that  on  a  main  line  valve. 

All  copper  water  services  should  be  installed  with  a  goose  neck  at 
the  main  to  reduce  the  possibilities  of  ground  settlement  shearing 
the  copper  pipe  from  the  corporation  stop. 


12.   Blow  off  connections 

Blow  off  connections  are  normally  provided  on  large  main-line 
watermains  to  provide  outlets  for  draining  the  pipeline.  They 
are  usually  located  at  dips  and  immediately  above  line  valves 
situated  on  a  slope.   It  is  not  customary  to  provide  a  drain  for 
every  small  dip  but  a  sufficient  number  of  blow  offs  should  be 
provided  to  lower  the  water  so  that  a  person  could  get  through  a 
large  pipe.   Short  dips,  such  occur  in  practically  all  pipelines 
in  City  streets  when  a  line  must  pass  under  a  large  drain  or  other 
structure,  can  often  be  unwatered  when  necessary  by  pumping  out 
directly. 
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12.  Blow  off  Connections  -  Continued 

The  exact  location  of  blow  off  outlets  is  frequently  influenced 
by  opportunities  to  get  rid  of  the  water.   Where  a  main  crosses 
a  stream  or  drainage  structure,  there  will  usually  be  a  low  point 
in  the  line,  but  if  the  main  goes  under  the  stream  or  drain  it 
obviously  cannot  be  completely  drained  into  the  channel.   In 
such  a  situation,  it  is  better  to  locate  a  blow  off  connection 
at  the  lowest  point  that  would  drain  by  gravity  and  provide  easy 
means  of  pumping  out  the  part  below  the  drain  flow  line. 

Most  frequently  the  blow  off  will  be  below  ground.   As  the 
operating  nut  of  the  valve  must  be  accessible  from  the  surface, 
the  valve  cannot  be  under  the  main  but  may  be  set  with  the  stem 
vertical  and  just  beyond  the  side  of  the  main.   The  outlet  from 
the  main  is  most  commonly  constructed  by  bringing  in  a  horizontal 
pipe  tangentially  to  the  bottom  of  the  main.   When  no  drain  is 
available  to  receive  water  by  gravity  from  the  main,  the  water 
must  be  pumped  to  the  surface  for  disposal.   Blow  offs  and  drains 
should  be  protected  against  freezing. 

13.  Air  Valves 

Consideration  must  be  given  to  the  installation  of  air  valves  on 
transmission  watermains.   Cast  iron  and  other  rigid  pipes  require 
air  valves  at  all  high  points  for  the  purpose  of  automatically 
removing  air  that  is  displaced  during  the  filling  of  the  line,  and 
air  that  is  released  from  the  flowing  water  if  the  pressure 
fluctuates  appreciably  and  if  the  summit  lies  close  to  the  hydraulic 
gradient.  If  the  pressure  at  the  summit  Is  high  a  manually  operated 
cock  or  gate  may  be  substituted  because  little,  if  any,  air  will 
accumulate  and  air  removal  is  confined  to  filling  operations. 

Steel  and  other  flexible  conduits  need  air  valves  for  thepurpose 
of  automatically  admitting  air  to  the  line  and  preventing  its 
collapse  under  vacuum.   A  vacuum  may  be  created  when  the  pipe  is 
being  drained  on  purpose  or  when  water  escapes  accidentally  from 
the  line  as  a  result  of  a  break  at  or  near  a  low  point.   Air  in 
that  valve  should  be  placed  on  both  sides  of  gate  valves  at  summits 
in  the  line,  on  the  downstream  side  of  other  gates,  and  at  changes 
in  grade  to  steeper  slopes  in  sections  of  the  line  that  are  not 
otherwise  protected  by  air  valves. 

The  required  size  of  valves  is  obviously  related  to  the  size  of 
the  conduit.   One  recommendation  is  that  for  release  of  air  the 
ratio  be  on  the  basis  of  1-12  and  for  the  admission  as  well  as 
release  of  air  on  the  basis  of  1-8. 
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1 4 .  Railway  Under  Crossings 

Pipelines  crossing  under  railways  need  protection  from  earth 
movements  and  vibration  caused  by  the  passage  oL  trains,  while 
the  railroads  need  special  protection  tram    the  result  from  leaks 
or  breaks  in  a  water  line  under  or  close  to  the  track.   The  most 
practical  method  of  installing  a  pipeline  under  a  railroad  or 
busy  highway  is  by  threading  the  pipe  through  a  culvert  that  has 
previously  been  jacked  through  without  open  cut. 

Where  ground  is  springy  and  where  loads  are  heavy  ,  a  pipeline 
laid  loosely  in  a  culvert  will  receive  very  little  disturbance. 
Pushing  a  pipe  through  a  culvert  introduces  many  hazards  to  the 
protective  coating  on  the  outside  of  the  pipe  and  skids  or  protect 
ive   lagging  should  be  attached  to  be  moved  with  the  pipe.   If 
possible,  field  joints  should  not  be  present  in  the  pipe  in  a 
culvert  unless  they  are  of  a  type  that  is  not  expected  to  need 
future  attention.   If  a  culvert  is  intended  to  divert  any  leakage 
of  water  from  a  right-of-way,  provision  must  be  made  at  the  ends 
for  escape  and  detection  of  such  leakage. 

15.  Pipe  bedding 

Although  there  is  great  variation  in  specifications  adopted  by 
municipalities  and  suggested  by  manuf actureres  of  various  types 
of  pipe  there  are  some  consistencies.   The  trench  bottom  should 
be  properly  prepared  to  accept  the  conduit.   This  requires  that 
it  be  accurately  graded  so  that  the  pipe  may  be  evenly  supported 
along  its  length.   Special  care  should  be  taken  at  the  joints  to 
ensure  that  the  pipe  will  not  be  resting  on  the  joints  alone.   The 
bottom  of  the  trench  should  be  cleaned  and  free  from  stones  and 
hard  lumps  and  if  this  is  not  economically  possible  consideration 
should  be  given  to  over  excavating  and  backfilling  with  granular 
material.    Similarly  where  bedrock  is  encountered  the  rock  should 
be  over  excavated  and  the  area  backfilled  with  a  granular  cushion. 

The  side  fill  material  should  be  tamped  and  in  the  case  of  steel 
watermains  should  be  compacted  to  provide  for  the  design  of  the 
pipe. 

16.  Freezing  of  watermains 
In  this  province  watermains  are  usually  installed  with  5-7  feet  of 
;over  depending  upon  the  depth  of  frost  penetration. 


cc 


connec 


tions,  particularly  those  for  a  single  family  home,  are  most 
isceptible  to  freezing  and  are  usually  thawed  electrically.   It 
should  be  noted  that  it  is  not  possible  to  thaw  a  plastic  service 
electrically. 
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17.    Layout  Plans 

It  is  not  generally  necessary  to  hiive  exact  dimensions  with 
respect  to  working  with  cast  iron,  ductile  Iron  and  asbestos- 
cement  pipe  as  it  is  possible  to  work  in  the  various  fUtlngs 
by  cutting  the  pipe  in  the  field.   Watennain  pipe  should  be 
laid  to  a  designed  grade  so  that  proper  record  can  be  obtained 
of  their  vertical  position. 

The  layout  design  for  steel  and  reinforced  concrete  pipe  is 
more  involved  due  to  the  fact  that  fittings  and  closure  pieces 
are  pre-manuf actured  to  suit.   The  Steel  Handbook  sets  out  the 
following: 

In  general,  a  plan  of  profile,  together  with  certain 
other  details  are  necessary  for  any  water  pipeline. 
These  should  show: 

1.  Horizontal  and  vertical  distances,  either  directly 
or  by  survey  station  and  elevation. 

2.  Location  of  angle  or  bend,  both  horizontal  and 
vertical  (  point  of  interesection  preferred). 

3.  Degree  of  bends,  degree  or  radius  of  curves, 
tangent  distances  for  curves,  or  external  distances 
if  clearance  is  required. 

4.  Points  of  intersection  with  pipe   centre  line  for 
tees,  wyes,  crosses,  or  other  branches,  together 
with  direction  -  right  or  left  hand,  up  or  down  - 
or  angle  of  flow,  viewed  from  inlet  end. 

5.  Location  and  covering  length  of  all  valves,  pumps, 
or  other  inserted  fittings  not  supplied  by  the  pipe 
manufacturer. 

6.  Location  of  adjacent  or  interfering  installations  or 
structures . 

7.  Tie-ins  with  property  lines,  curb  lines,  road  or  street 
centre  lines,  and  other  pertinent  features  necessary  to 
design  righ-of-way  and  locate  pipe  centre-line  clearly. 

8.  Details  of  descriptions  of  all  specials,  together  with 
data  required  to  supplement  AWWA  Standards. 

9.  Details,  dimensions,  and  class  designation  or  other 
descriptions  of  all  flanges  and  mechanical  field  joints. 

10,   Any  special  requirements  affecting  the  manufacturer  of 
the  pipe  or  any  installation  procedure. 
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July  20,  1972. 

PREDICTING  FLO'VS  FOR  STORM  AND  SANITARY  SEWERS 
PART  1  -  STORM  SEWERS 

INTRODUCTION 

The  main  purpose  for  storm  sewers  is  the  rapid  and  effective 
removal  of  storm  water  from  places  where  it  is  not  wanted, 
and  the  direction  of  this  water  to  a  suitable  outlet,  usually 
a  creek,  river  or  lake. 

Municipal  engineers  involved  in  the  design  of  such  s«W3rs 
must  be  av.'are  of  both  the  hydraulic  elements,  and  the  hy- 
drology affecting  the  dssigru   Tne  hydraulic  elements  in- 
clude the  determination  of  the  sizes,  depths,  shapes  ana 
materials  of  the  proposed  sewer  construction. 

The  hydrologic  phase  of  urban  design  involves  the  determin- 
ation of  magnitude,  distribution  and  timing  of  various  run- 
off events.   Run-off  is  the  part  of  rainfall  not  lost,  by  in- 
filtration into  the  soil  or  left  in  ground  depressions  a: d 
on  vegetation  surfaces  to  evaporate.   A  number  of  the 
factors  that  affect  run-off  are:   climate;  physical  character- 
istics of  the  particular  locality;  rainfall  intensity,  dur- 
ation and  distribution;  initial  soil  moisture  conditions; 
soil  type;  the  shape,  size  and  slope  orientation  of  the  rain- 
fall area;  and  the  land  use  characteristics  of  the  general 
drainage  area. 

THE  DESTCTI  FLOW 

Peak  flows  result  from  excess  surface  run-off  volumes.   The 
conditions  which  may  generate  these  excesses  are  intense 
storms,  snow  melt,  or  snow  melt  combined  with  rainfall.   Max- 
imum flows  on  urban  areas  usually  result  from  high  intensity 
short-duration  rainfall  of  the  thunderstorm  type. 

The  "design  flow"  may  be  defined  as  the  maximum  flow  which  a 
specified  structure  can  pass  safely. 

PROCEDURES  FOR  ESTIMATING-  RUN -OFF 

Procedures  used  in  estimating  run-off  magnitude  and  frequency 
have  greatly  improved  in  the  last  twenty  to  thirty  years  and  can 
be  generally  categorised  as:   (1)  empirical  approaches, 
(2)  statistical  or  probability  methods,  and  (3)  methods  relating 
rainfall  to  run-off. 

Of  the  three  approaches  previously  mentioned,  the  third  one, 
i.e.  to  relate  rainfall  to  run-off  is  the  most  widely  accepted 
method  and  can  be  applied  to  both  the  "unit-hydrograph"  method 
and  the  "rational  method".   Since  nearly  every  municipality 
in  Canada  uses  the  "rational  method"  the  rest  of  this 
discussion  will  be  used  to  explain  its  use. 
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THE   "RATIONAL  METHOD" 

This  method,   first  introduced  in  1889,   relates   rainfall   to 
run-off  by  the   equation:   - 

Q     =     A  i  R     where 

Q  =  peak  run-off  in  c.f.s.  (cubic  feet 

per  second) 

R  =  run-off  coefficient 

i  =  average  rainfall  intensity  (in./hr.) 
for  a  period  equal  to  the  time  of 
concentration 

A  =  drainage  area  in  acres 

Two  basic  assumptions  which  must  apply  when  using  this 
method  are:   (1)  the  maximum  run-off  rate  for  any  design 
location  is  a  function  of  the  average  rate  of  rainfall  during 
the  time  of  concentration  and  (2)   the  maximum  rate  of  rain- 
fall occurs  during  the  time  of  concentration.   The  time  of 
concentration,  tc,  is  defined  as  the  flow  time  from  the 
most  remote  point  in  the  drainage  area  to  the  point  in  question. 

It  should  be  pointed  out  here  that  this  method  relies  on 
average  rainfall  intensities  prevailing  over  th^,  time  of  con- 
centration and  that  these  average  intensities  have  nu  re- 
lation  to  the  actual  rainfall  pattern  during  the  storm. 

We  should  also  note  that  the  "rational  method"  is  generally 
applicable  to  urban  areas  of  less  than  5  sq.  miles  and 
for  larger  areas,  the  application  of  the  hydrograph  method 
is  usually  warranted. 

Now  let's  take  a  closer  look  at  each  of  the  components 
in  the  Q  =  C  i  A  formula. 

EXPECTED  FLOW  -  "Q" 

It  is  noted  here  that  the  assignment  of  the  units  c.f.s. 
(cubic  feet  per  second)  is  satisfactory  to  this  equation 
since  1.008  c.f.s.  equals  one  inch  of  rainfall  in  one 
hour  over  an  area  of  one  acre. 

RUN-OFF  COEFFICIENT  -  "R" 

This  coefficient  can  be  further  defined  as  the  ratio  be- 
tween the  maximum  rata  of  run-off  from  the  area  and  the 
average  rate  of  rainfall  on  the  area  during  the  time  of 
concentration.   This  coefficient  cannot  be  exactly  deter- 
mined since  it  includes  the  influence  of  a  number  of 
variables,  such  as  infiltration  capacity  of  the  soil, 
depression  storage  and  interception  by  vegetatic-i..   The 
closer  the  area  comes  to  being  impervious,  the  more  reason- 
able the  selection  of  "C"  becomes,  since  for  highly  im- 
pervious area  "R"  approaches  unity.   For  these  reasons 
mentioned,  the  run-off  coefficient  "R"  is  the  component 
of  the  rational  formula  which  requires  the  greatest  ex- 
ercise of  judgement  by  the  design  engineer. 

A  partial  list  of  coefficients  presently  in  use  are: 

Character  of  Surface  Run-off  Coefficients 

Asphalt  0.70  -  0.95 

Drives  and  Walks  0.75  -  0,85 

Lawns  -  sandy  soil  0.10  -  0.20 

Lawns  -  heavy  soil  0.13  -  0.30 
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Often,  municipalities  will  use  an  "average"  coefficient,  where 
more  than  one  type  of  surface  is  present  in  a  particular 
drainage  area.  Some  of  those  in  use  are: 

Description  of  Area  Run-off  Coefficients 

Single  Family  0.30  -  0.50 

Semi-detached  O.ifO  -  0.50 

Apartments  0.50  -  0.7S 

Industry  0.50  -  O.96 

Parks,  green  belt  0.10  -  o.25 

These  coefficients  are  widely  used  for  storms  of  5  year 
to  10  year  frequencies,,   Less  frequent,  higher-intensity 
storms  will  require  the  use  of  higher  coefficients  because 
infiltration  and  other  losses  have  a  proportionally  smaller 
effect  on  run-off. 

RAINFALL  INTENSITY  -  "i" 

Rainfall  behaviour  varies  with  location  and  topography. 
The  coefficient  "i"  is  commonly  determined  from  an 
equation  such  as: 

i  =   x    where 

r+r 

i  =  rainfall  intensity,  in./hr. 

t  =  time  of  concentration 

x,  y  =  constants  determined  from  previous 
records. 

A  well  designed  drainage  system  provides  maximum  protection 
at  minimum  costs,,  An  economic  balance  is  necessary  be- 
tween the  cost  of  structures  and  the  direct  and  indirect 
cost  of  public  damage  to  property  and  inconvenience  to 
the  public  over  a  long  period  of  years.   In  areas  where 
the  effects  of  minor  flooding  would  not  be  damaging,  the 
system  may  handle  ordinary  storms  but  insufficient  to 
handle  infrequent  and  more  intense  storms.   On  the  other 
hand,  in  valuable  city  and  highly  built-up  areas,  where 
even  minor  flooding  could  be  disastrous  and  very  costly, 
the  system  must  be  designed  to  handle  the  more  severe 
storms. 

Drainage  systems  are  designed  to  handle  storms  having 
frequencies  of  two  years  to  ten  yf-rs,  depending  on  the 
value  of  the  property.   In  c omme re  it I  areas  and  for  flood- 
wall  structures  this  frequency  is  ci'ten  as  high  as  50 
years.   For  purposes  of  design  the  rainfall  frequency  is 
usually  established  by  each  municipality.   Design  fre- 
quency, as  the  words  are  used  here,  is  the  frequency  with 
which  a  given  event  is  equalled  or  exceeded  on  the  avirige, 
once  in  a  period  of  years.  Thus  a  ten  year  frequency 
event  would  be  expected  to  be  equalled  or  exceeded  ten 
times  in  100  years. 

The  relationship  i  =   x    is 

t  +  y 
hyperbolic.   In  practice,  there  is  usually  an  upper  limit 
on  "i"  which  corresponds  to  a  value  of  tc  from  10-15 
minutes  in  urban  areas  and  as  low  as  5  minutes  for  industrial 
or  highly  built-up  areas.   A  typical  set  of  intensity  - 
duration  (tc)  frequency  curbes  would  appear  as  below:  - 


-    118    - 


e 


>■     6 

t- 


I- 
z 


a.       2 


\ 

j—\OQ 

year  1 

-quinc 

\ 

■50  yec 

r    frequency 

10  year 

frequency 
—  5  year  frequency 

--  k- 

i 
i 
i 

i 

X 

1 

1 

1 

i 

10  20  30  40  50  60  70  80  90  100   105 

DURATION   lie  }     min 


For  urban  storm  sewers,  the  time  of  concentration  consists  of 
inlet  time,  or  the  time  required  for  run-off  to  flow  over  the 
surface  from  the  most  remote  point  in  the  drainage  area  to  the 
nearest  inlet,  plus  the  time  of  flow  in  the  sewer  from  the 
uppermost  point  in  the  sewsr  to  the  point  in  consideration. 
The  time  of  flow  in  the  =ewers  is  usually  the  average  full- 
flow  velocity  expected  for  the  particular  sewer  siz-^.  shape 
and  roughness  factor,   (i.e.  hydraulics  of  the  sewer).  Aa 
shown  on  the  previous  figure,  for  a  5  year  storm,  and  a  tc  of 
15  minutes,  the  intensity  would  be  3.5i  in./hr. 

AREA  -  "A" 


The  drainage  area  "A"  is  that  area  of  land  which  is  tributary 
to  any  particular  point  under  consideration.  The  entire  drain- 
age area  chosen  by  prior  topographical  surveys  or  watersheds, 
municipal  or  political  boundaries,  must  be  subdivided  in  sub- 
areas  tributary  to  each  inlet  point. 

The  initial  sewer  pattern  or  layout  is  seldom  final,  as  often 
much  re-organization  of  the  component  parts  is  required  to 
determine  the  best  points  of  inlet,  the  times  of  concentration 
to  these  points  and  the  effects  of  alternative  routes  to  the 
entire  drainage  pattern.   In  the  preliminary  drainage  area 
studies,  the  designer  must  be  concerned  with: 

1)  land  use  -  present  and  future, 

2)  percentage  of  imperviousness  of  inlet 
areas, 

3)  character  of  soil  and  cover, 

O   ground  slopes  and  shapes  of  the  drainage 
area. 

Attached  to  your  papers  is  a  small  storm  sewer  design  drainage 
area  map,  rainfall  intensity  curve  and  circular  pipe  monograph. 
It  is  easy  to  follow  starting  with  area  1  at  the  east  limit 
of  this  particular  drainage  area  and  working  to  the  west 
limit.  Areas  2  through  7  are  split  into  two  sections  for 
acreage  purposes  but  could  have  been  combined  as  individual 
area.  Listing  the  areas,  run-of  f  c  jeff icieiit:;  and  calculating 
the  'A  x  R'  auri  'accumulated  A  x  It'  values  is  Lho  first  r.trcp 
in  preparing  the  design  sheet.   The'tinw  of  concentration' 
or  'inlet  time"  is  usually  ;.et  by  each  municipality  and  often 
varies  from  area  to  area.   As  shown  on  the  design  sheet,  the 
inlet  time  has  been  set  at  fifteen  minutes.   From  our  rainfall 


-  119  - 


intensity  curve,  the  corresponding  'intensity*  for  a  time  of 
concentration  of  15  minutes  is  3.77  in./hr.  Multiplying  the 
'accumulated  A  x  R'  by  this  intensity  gives  us  an  expected 
flow  of  30<>91  Cof.s.   It  is  then  a  simple  matter  of  selecting 
a  pipe  size  and  grade  to  handle  this  flow.  This  selection 
can  be  made  from  the  circular  pipe  nomograph  or  from  prepared 
charts.  Through  each  pipe  section  we  calculate  the  time  of 
flow  and  add  it  to  the  time  of  concentration  for  the  next 
section.   From  the  intensity  curve  you  can  see  that  as  the  time 
increases  the  intensity  decreases. 

As  was  mentioned  earlier,  in  the  rational  method,  average  in- 
tensities have  no  time  sequence  relation  to  the  actual  rain- 
fall pattern  during  the  storm.  In  spite  of  the  limitations 
of  this  method,  experience  has  found  it  to  yield  satisfactory 
results  if  the  designer  uses  his  judgement  in  evaluating  the 
component  factors.   Its  use  can  be  compared  to  the  almost 
primitive,  but  still  popular  method  of  setting  boning  rods 
or  batter  boards  for  installing  sewers  to  proper  line  and  grade. 
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FART  II  -  SANITARY  SEWERS 

INTRODUCTION 

Sewage  is  defined  as  a  combination  of  (a)  the  liquid  wastes  con- 
ducted away  from  residences,  business  buildings  and  institutions; 
and  (b)  the  liquid  wastes  from  industrial  establishments  with 
(c)  such  ground,  surface  and  storm  water  as  may  be  admitted  to  or 
find  its  way  into  the  sanitary  sewers. 

The  flow  rates  of  sewage,  for  which  sewer  capacity  should  be  pro- 
vided, must  be  determined  from  careful  considerations  of  the  present 
and  probable  future  quantities  of  domestic  sewage,  commercial  and 
industrial  wastes,  ground-water  infiltration,  and  any  other  unavoid- 
able contributions* 

A  sanitary  sewer  has  two  main  functions;  namely  (a)  to  carry  the 
peak  discharge  for  which  it  is  designed  and  (b)  to  transport  sus- 
pended solids  so  that  deposits  in  the  sewer  are  kept  to  a  minimum. 
It  is  essential  therefore,  that  the  sewers  have  adequate  capacity 
for  the  peak  flow  and  that  it  functions  at  minimum  flows  without 
nuisance. 

DESIGN  FLOWS 

One  of  the  first  considerations  in  estimating  the  sewage  flow  is  to 
establish  a  "design  period",  or  a  length  of  time  for  which  the  pro- 
posed sewers  will  adequately  serve  the  expected  population.  Sanitary 
sewage  and  industrial  wastes  are  directly  related  co  water  con- 
sumption and  population,  so  the  sewers  should  be  designed  for  the 
saturation  density  of  population  expected  in  the  design  area. 

The  most  common  design  periods  used  by  Canadian  municipalities  is 
a  25  or  50  year  period. 

Methods  of  predicting  population  growth  are  numerous  and  include: 

(1)  arithmetic  progression, 

(2)  constant  -  percentage  growth  rate, 

(3)  graphical  comparison  with  growth  rates 
of  similar  but  larger  cities, 

(4)  graphical  extension  of  past  records  into 
the  future. 

The  fourth  method  is  the  one  most  commonly  used  by  municipalities. 
In  many  cases,  where  'official  plans'  have  been  developed,  the  pro- 
posed zoning  and  therefore  predicted  population  densities  will  act 
as  a  guide  for  the  sewer  designer. 

A  list  of  population  densities  commonly  used  in  sewer  design  is  shown 
below. 

Area  Type  No.  of  Persons  per  Acre 

Single  Family 
Semi-detached 

Multi-family,  row  housing 

Apartments 

Commercial 

Sanitary  sewage  flow  varies  throughout  the  day,  week,  season  and 
according  to  the  water  consumption. 

Sanitary  sewer  design  is  almost  always  based  on  the  peak  flow  rate 
expected  and  then  the  flow  velocities  are  checked  at  the  average  and 
minimum  flow  rates  to  determine  whether  settling  will  occur  or  not. 
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As  a  rule  of  thumb,  n«ain  sewers  are  designed  for  250?S  of  the  average 
flow  rate  and  lateral  sewer3  are  designed  for  300-500)4  of  the  average 
rate. 

Domestic  water  consumption  varies  from  50  -  250  g.p.c.d.,  with  an 
average  use  of  1.20  -  150  g.p.c.d.   Sewage  flow  is  estimated  to  be 
7O5S  of  this  water  consumption;  the  other  3GJS  being  used  for  lawn 
watering,  car-washing,  street  cleaning,  etc.   The  average  daily  sewage 
flow  being  used  by  most  municipalities  is  100  g.p.c.d. 

Values  that  are  often  used  are: 

(1)  max.  daily  flow  rate  =  2  x  average  daily  flow, 

(2)  max.  hourly  flow  rate  =  3  x   average  daily  flow, 

(3)  min.  daily  flow  rate  =  2/3  x  average  daily  flow, 

(4)  min,  hourly  flow  rate  =  1/3  x  average  daily  flow. 

Formulas  often  used  for  calculating  extremes  are: 

(1)  Q  max./Q  avg.   »   5.0/pl/6 

(2)  Q  min./Q  avg.   =   0.2/ply/6 

(3)  Q  max./Q  min.   =   25.0/p1/3 
where  p  =  population  in  thousands. 

No  peaking  factor  is  normally  applied  to  infiltration  (usually 
0.002  -  0.004  c.f.s./ac.)  and  reduced  peaking  factors  are  usually 
applied  to  industrial  contributions,  since  industrial  peaks  can  be 
predicted  with  greater  accuracy. 

In  the  actual  design  of  sanitary  sewers  after  the  capacity  required 
is  arrived  at,  there  are  several  considerations  in  pipe  size,  gradient, 
material  which  must  be  considered.   The  flow  cannot  be  as  slow  at 
low  flows  as  to  allow  the  solids  and  sediment  to  settle  out  in  the 
bottom  of  the  pipe,,   The  flew  cannot  be  of  such  a  speed  that  the 
solids  sediment  and  grit  scour  or  wear  away  the  pipe.   There  is  also 
the  problem  of  the  formation  of  Sulphide  Gases  if  the  flow  is  too 
slow.  This  applies  particularly  to  large  trunks.   This  gas  will  de- 
teriorate concrete,  steel  and  cast-iron  pipes. 

A  sewer  pipe  must  be  designed  for  the  depth  of  trench,  traffic  load, 
railway  loading  or  any  special  application. 

One  of  the  other  lecturers  has  already  or  will,  in  a  later  session, 
cover  the  structural  aspects  of  sewer  design, 

I  have  included  here  a  copy  of  our  present  sanitary  sewer  design 
curve  and  our  design  sheet.   As  you  will  notice  our  curve  is  based 
on  population  and  a  direct  reading  for  expected  sewage  flow.  Many 
municipalities  use  a  curve  based  on  acreage  and  zoning,  but  it  always 
comes  back  to  the  population,  since  people  create  sewage. 

Also  attached  is  a  copy  of  our  design  criteria  which  is  used  for 
new  subdivisions  in  Gait.   I  won't  go  through  this  since  these 
are  different  for  every  municipality  and  no  doubt  many  of  you  will 
either  agree  or  disagree  with  trany  of  the  requirements. 
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PHYSICAL  FEATURES  Pi'  SEWER  SYSTEMS 

INTRODUCTION 

The  discussion  on  physical  features  of  sewer  system  will 
involve  a  look  at  various  appurtenances  essential  to  a  properly 
designed  sewer  and  a  brief  review  of  the  most  commonly  used 
sewer  materials. 

APPURTENANCES 

One  of  the  most  important  and  most  common  structure  found 
in  both  storm  and  sanitary  sewers  is  the  manhole.   Customarily, 
a  manhole  is  required  at  all  changes  in  grade,  pipe  size,  direc- 
tion of  flow  and  quantity  of  flow. 

The  size  of  the  manhole  is  usually  determined  by  the  size 
of  the  largest  pipe  in  the  manhole   but  seldom  are  they  less 
than  k   foot  diameter  (for  pre-cast)  or  4  foot  sauare  for  poured 
in  place  manholes.   Their  principal  purpose  is  to  permit  the 
inspection  and  cleaning  of  the  lines  and  the  removal  of  obstruc- 
tions.  In  most  municipalities,  the  allowable  spacing  of   man- 
holes is  300-350  feet  for  sewers  up  to  43"0,  when  :leanir.c-  is 
done  by  rodding  or  flushing  and  up  to  500-600  feet  for  sewers 
over  AS"  where  the  lines 'may  be  easily  entered  by  maintenance 
crews.   The  interior  base  of  the  manhole  is  always  formed  with 
mortar  or  concrete  to  a  "U"  shaped  channel  to  allow  smooth, 
continuous  flow  and  to  minimize  the  head  losses  at  these 
points. 

For  storm  sewers,  probably  the  most  important  structure  is 
the  catch  basin  or  storm  inlet.   Regardless  of  the  adequacy  of 
the  underground  sewer  system,  proper  drainage  cannot  result 
unless  storm  water  is  quickly  and  efficiently  collected  and 
introduced  into  the  system.   No  specific  inlet  type  can  be 
considered  best  for  all  conditions  of  use.   Street  trades, 
cross-slopes  and  depression  geometery  all  affect  the  hydraulic 
efficiency.   The  major  inlet  structures  are  usually  one  of  the 


e 

following: 


(1)  gutter  inlet  -  a  standard  C.B.  sitting  in 
a  slight  depression  in  the  gutter, 

(2)  arch  back  inlet  -  a  C.B.  inlet  composed 
of  both  curb  and  gutter  openings  acting 
as  an  integrated  unit, 

(3)  a  ditch  inlet  -  an  oversized  C.B.  with 
its  frame  usually  inclined  at  30  -  ^5°. 

Catch  basins  are  usually  constructed  with  a  12"  -  18"  sump 
in  the  bottom  which  collects  grit,  leaves  and  other  debris  which 
would  normally  enter  the  sewer  system  and  must  be  cleaned  on  a 
regular  routine  basis,  twice  yearly  is  a  minimum  recommendation. 

House  connections  or  laterals  play  an  important  role  j-i 
sanitary  sewer  design  and  should  never  be  taken  for  granted. 
Most  municipalities  accept  a  L"0   lateral  as  th<3  absolute  mini- 
mum size  with  some  using  5"  or  6"  diameter  connections.   Ttv?se 
laterals,  which  should  be  laid  to  a  grade  of  net  leas  than 
l/oin./ft.  (lv)  arc  usually  connected  to  the  main  sewer  with 
Tee's,  Wye's  or   Saddles. 

The  use  of  a  Tee  is  preferable  in  sanitary  sewers  since 
experience  has  indicated  frequent  breakage  of  the  .Vye  where 
rodding  of  the  house  connection  has  become  necessary. 

Another  sewer  appurtenance,  which  is  not  seen  very  often 
is  called  an  invert td  syphon.   This  refers  really  to  a  depr.  1 ■ 
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sewer  which  flows  under  a  head,  i.e.  under  pressure  and  carries 
the  flow  under  some  obstruction  such  as  a  river  or  a  hi  rhw.iy. 

I  have  attached  copies  of  several  standard  drawings  tVr 
appurtenances  presently  used  in  Gait  which  you  may  look  at. 

We're  represented  here  by  many  municipalities  and  I  think 
you'll  agree  that  there  are  at  lea3t  that  many  different  stand- 
ard drawings  for  catch  basins  and  manholes.   If  you  have  any 
questions  on  these  drawings  please  mention  them. 

MATERIALS  USED  IN  SEWER  CONSTRUCTION 

When  the  designer  is  deciding  on  what  type  of  sewer  material 
he  will  call  for  in  the  tender  specifications,  he  is  always  con- 
cerned with  one  or  more  of  the  following  factors: 

(1)  flow  characteristics  -  friction  factor, 

(2)  life  expectancy, 

(3)  resistance  to  scour, 

(4)  resistance  to  acids,  alkalis,  solvents, 

(5)  ease  of  handling  and  installation, 
(6}  structural  strength, 

(7)  type  of  joint, 

(8)  availability  of  sizes. 

No  one  material  meets  all  these  requirements.   The  three 
most  commonly  used  materials  are  concrete  (plain  or  reinforced), 
asbestos-cement  and  vitrified  clay. 

We  will  now  compare  these  three  materials. 

A.  ASBESTOS-CEKENT  -  this  pipe  is  available  in  sizes  4"  -  36" 
diameter  and  can  be  used  in  gravity  and  pressure  lines.   Jointing 
is  done  using  a  confined  *0'  rubber  ring  gasket.   This  pice  is 
extremely  light  and  easy  to  handle  and  the  longer  laying  lengths 
[13')  mean  fewer  joints  and  thus  less  problem  of  infiltration. 
The  large  lengths  also  enable  the  contractor  to  lay  the  pipes 

to  truer  line  and  grade.   This  type  of  pipe  is  subject  to 
corrosion  by  acids  and  septic  sewage  in  sanitary  lines  and  can 
be  easily  eroded  by  grit  in  high  velocity  (steep  grade)  storm 
lines. 

B.  CONfRETE  PIPH  -  unreinforced  concrete  pi  pe  is  available 
in  sizes  V  -  2(,"j/?  and  in  sizes  6»*  -  12Q"0  for  reinforced  pipe. 

Concrete  pipe  is  used  primarily  for  gravitv  sewers,  although 
reinforced  concrete  pressure  pipe  and  prestressed  concrete  pres- 
sure pipe  arc  available  for  force  Mains,  submerged  outfalls  and 
inverted  syphons.   A  variety  of  joints  are  available  from  rubber 
gasket  to  plain  mortar  depending  on  the  water-tightness  demanded 
by  the  existing  ground  conditions. 

Concrete  pipe  can  be  produced  in  varying  strengths  and 
offers  the  best  structural  support inr  characteristics  of  the 
three  materials.   This  pipo  is  also  subject  to  corrosion  where 
acids  arc  present  in  the  sewer,  where  velocities  are  not  suf- 
ficient to  prevent  septic  conditions  (i.e.  the  formulation  of 
hydrogen  sulphide)  and  where  the  soils  are  highly  acid  or  highly 
sulphate  alkaline.  &  ' 
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C.  VITRIFIED  CI. AY  PIPE  -  this  pipe  is  readily  available 
in  sizes  4"  -  Jbn</i  and  larger  in  some  areas.  Vitrified  pipe- 
is  manufactured  in  both  standard  strength  and  extra  strength 
for  load  support  and  is  available  with  a  mechanical  joint  "on 
the  new  flex-lox  joint  which  is  similar  to  bell  and  spigot 
pipe. 

The  main  advantage  of  vitrified  pipe  over  the  others  is 
that  it  is  highly  resistant  to  corrosion  from  most  acids. 

CONSTRUCTION 

A  very  important  part  of  the  overall  considerations  is  the 
construction  of  the  sewers.   There  is  not  time  to  go  into  lengthy 
detail,  but  I  will  try  to  cover  some  general  points.   To  operate 
efficiently  and  avoid  unnecessary  maintenance  and  general  operat- 
ing problems,  sewers  must  be  laid  to  line  and  grade  and  remain  on 
line  and  grade.   This  is  usually  accomplish^  1  with  grade  stakes 
to  which  batter  boards  and  string  lines  are  set.   Some  contractors, 
particularly  on  larger  pipes  will  use  a  transit  to  keep  the  pipe 
on  line.  Today  a  Laiser  Beam  is  available  which  is  set  in  the 
downstream  manhole  and  projects  through  the  pipe  to  a  target 
placed  in  the  bell  of  the  pipe  being  set.  This  provides  for 
very  rapid  progress  of  the  work  and  contractors  who  have  used 
them  claim  at  least  twice  the  daily  production. 

The  bedding  of  the  pipe  is  of  equal  importance  to  ensure 
the  pipe  does  not  settle  after  backfilling.   This  also  includes 
the  compaction  of  good  granular  material  around  and  at  least 
12"  above  the  pipe  to  assure  that  first,  the  sides  of  the  pipe 
are  supported  to  the  trench  wall  so  that  its  structure  can 
carry  the  load  on  it,  that  it  will  not  be  displaced  out  of  line 
and  last,  that  it  will  not  be  damaged  during  the  backfilling 
operations.   When  completed  a  good  job  should  look  like  a  gun 
barrel  and  under  no  circumstances  should  less  than  2/3  of  the 
pipe  be  visible. 

Other  points  an  inspector  should  be  watching  for  are: 

(1)  the  bridging  of  the  pipe  from  bell  to  bell 
on  the  bedding,  the  bedding  must  be  to  grade 
and  a  hole  for  the  bell  dug  out. 

(2)  placing  of  pieces  of  wood  under  the  bell 
or  front  edge  to  adjust  to  grade. 

(3)  Poor  or  no  compaction  effort  under,  around 
and  over  the  pipe. 

(4)  Large  boulders  in  the  backfill  even  with 
some  cover  on  the  pipe. 

(5)  Concrete  under  inlet  outlet  pipes  between 
base  of  manhole  and  natural  excavated  ground. 
This  also  applies  to  catch  basin  leads. 

{6)  Proper  connection  of  house  services  at  the 

main  and  a  proper  plug  in  the  end,  especially 
where  connecting  to  an  older  sewer.   Workers 
or  contractor  will  place  the  connecting  pipe 
into  the  main  causing  blockages,  bucket  mach- 
ines to  bang  up  and  perhaps  rip  out  the  pipe 
and  possibly  some  of  the  main.   They  also 
block  the  passage  of  T.V.  cameras  making  full 
inspection  impossible. 
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(7)  A  very  important  duty  of  the  inspector  in  to 
ensure  that  the  joints  arc  made  properly 
whether  they  are  hemp  and  mortar,  refined  ' 0' 
ring  or  collar  type  that  the  bell  and  spigots 
are  in  good  shape,  not  damaged,  and  are  per- 
fectly round  and  fit  properly. 

(8)  Smaller  pipe  are  usually  put  home  by  hand 
with  a  large  bar.   They  must  be  fully  put 
home  and  not  spring  back.   Larger  pipe 
should  be  put  home  with  a  come-along  oper- 
ated from  inside  the  pipe.   In  no  case  should 
the  backhoe  bucket  be  used  to  put  pipe  home. 

I  have  seen  this  done  successfully,  but  there 
is  danger  of  damaging  a  joint  several  lengths 
back  which  may  be  backfilled  and  not  detected. 
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p;3K7i  c;ut:hia  fop,  nuriciTAi,  s:rvic:3 

IN 
T'.IJ   CI?Y  OF  GALT 

l.      sanitapy  sir.:u3 

!•      Pioe  3  i  zing,  -  minimum  size   (i':   diurndter, 

Design  calculations   for  sanitary  s;wer  systems  shall  be 
completed   on  City  of  Gait   "Sanitary  Sewer  Design  Ghurt3,: 
(Std.   9-1U)). 

a )  Design  Flo./  - 

Refer  to  draijin-j  3td.    9-2   bassd   on   tha   following 
densities: 

Rl  -  25   person.-,  p;r  acre 

R2  -  35  persons  pjr  acre 

15   and  P4  -  45   p3r.30n.-5   par  acre 

Un:-.oned  -  40  persons  pjr  acr? 

School. i  -  Yi   persons  p:r  acr: 

Industrial  -  0.032   C.f.a,    per  acre 

Commercial  -  0.032  c.f.3.    per  acre 

For  infiltration  add  0.002   c.f.a,    p^r  aero  to  the 
above  figures. 

b)  I:iT'e   Capacity  - 

p'or  determining  pipe  capacity,  us.j  Manning's  Formula 
(City  of  Gait  standard  circular  dr;..in  no-.io^raph  Std.  c-k) 

Use:   n  =  0.0] j  for  aabjstos  cement,  vitrified  cl«y 
and  concrete  pipe. 

c  )   Flow  Velocities  - 

Maximum  12. |5   feet   par  second,    pips  lie. /.in  3   full. 
I'.inimum  2.'j   tat   pjr  sjcond,    at  actual   flew. 

d)     3^1'ction   of   B^ddi.ir;  and   C  3 :...;,   of  Pi>»  - 

Refer  to  C.C.P.A.    Sesign  ilnual   for   pipe   cl  asss  and   bedding 
requirements  for  standard   da^i.-na.      jp..cial  dosign:*  shall 
be  coraplated   on  design  chart    ..ta .    8-j    in  accordar.c  j  wim 
th^  following; 

For  calculating   transnitt jd   liv_   loads   on   sav/or  pipes,   nao 
Marston'n  Formulas 

•rt   *  i'_P.  x  Ic   x  Ct   x  T 
ft  " 
in   ,/hich: 

'.ft  --=  average  load  p?r  unit   lsn^h  of  pipe 
(pounds  par  lir. ml   i'oci) 

A     =  length  of  pi, 10   on   ./hich  the   load   is 
cot.iputjr    (fa-at) 

Ic   -   impact   factor   for    i  -ovir,'..  lojid 

Ct  -   load   coefficient 

T      =  a    concentrated    sur?<  Ca   load    (poim^a) 
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V.    3AMIT/',n\r  -M:  A3 

1.   Fipe  Si'^in-^  (continued) 

For  vehicular  traffic  u'ie  II— 20  loading. 
For  railroad  traffic  use  J-70  loading. 

For  calculating  backfill  loading  on  j:.ijr   pipes  use 
Mars-ton's  Fornmla: 

id  =  Cd  x  .'  x  Ed~  for  traach  conditions  and 

-i 
!c  -   ac  x  .'.   x  3c~  for  embankment  conditions 

in  v;hich: 

./d  I    ic  -  t!i3  soil  backfill  load  in  pounds  p<:?r 
lineal  foot  of  pipe  length. 

Cd  £  Cc  ~  the  lead  calculation  formula  coefficient 

'./       =  th;  unit  Weight  of  the  backfill  material 
in  pounds  per  cubic  foot. 

Bd      =  the  width  of  trench  ir.  feet;  measured 
in  a  horizontal  plane  ct  th  i   axtranve 
top  of  the  pipe. 

Be      =  th:  O.D.  of  the  pipe  in  f  jst. 

For  non-reinforced   pipe  multiply  above    loading  by   safety 
factor   of  1  ..25  « 

Use  r.iinii.ium  A.S.T.I-i.    0.011    crack,    three-edge  bearing 
strength   rerp.iir emonts   for   r?inforc  ;d   eoncreta   pipe    inu 
minimum  A.3.T*".    fchrae-edga   biarinj:  crushing  strength 
requiroeientg   Tor  non-reinf oread   concretj   pipe. 

Hefer  to  drawing  Jtd.    3-1  for  standard  pipe  beddings. 

e)  Pipe  depth  and  Loc:.tion- 

A  minimum  cover  of  eight  (8)  feet,  from  proposed  road  grade, 
is  required  to  the  top  outside  edga  of  fchi  pipe  barrel. 

The  sanitary  sewjr  shall  b  .•  locaood  five  (5)  feet  North  and 
Dt'.Gt  of  ceatrelinj  of  the  road  allow -.nc  e,  unless  approved 
otherwise. 

f )  Type  of  Pipe  and  Joint  Accept  .bio  f o-  :jenii  ry  ''e»jr;  - 

(i)    Vitrified  clay  -  'flex-lea'  joint  pipe, 

ixtra  strength  only. 

(ii)   Asbestos  coaent-  with  confined  '0'  rubber  gaskets, 

in  residential  areas  only. 

(iii)  Concrete      -  with  acceptable-  rubber  gasket,  in 

residential  areas  only. 

All  cone  rot  s  sewer  pipe  up  to  and  including  Id"  diaiuetsr 

shall  be  a:;ual  to  A.j.T.Ii.  C14/6(3  Or  l^tost  amendment . 

All  concr:le  tewer  pipe  ov.r  l£K   diameter  shall  be  equal 
to  — 7>.T..'i.  G7o/6ST  or  .latest  amendment. 

All  asbestos  cemnt  pipe-  shall  b;  :qu.il  to  A..3.T.H. 
C-4/-'J-6.JT  or  l'tec-.  amendment. 

All  vitrified  clay  pipe  shall  be  equal  to  CCA.  \60  or 
latent  jimendment . 
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?..      iiahhclj;::, 

a)  Poured  cr  precast,  as  psv   City  aT  Gait  Htnn-;arda. 

b)  Manholes  shall  bo  located  rit   a  maximum  distance  of  J00 
feat  apart  iinlaao  othervjisj  approved. 

c)  A  drop  in]  at  manhole  will  be  required  if  a  drQp  in 
excess  of  ji  '-0'  occurs  between  any  invart  and  the  lowest 
invart  in  tb  :  manhole. 

d)  The  benching  in  all  manholes  nust  not  be  lass  than  9'-  in 
width  and  shall  ronfomi  to  the  City  of  Gait  Standard 
Drawings, 

s)  A  special  detail  must  J3  shown  for  all  manholes  when: 

(i)    b  inching  differs  from  tliat  shoun  on  the  standard 
drawings. 

(ii)   depth  or  shape  of  manhole  requires  additional 
reinforcing. 

(iii)   a  situation  ocenrs  that  i^  not  sho.Jn  on  the 
"tankard  Jrawin,-;. 

f)  All  manho) js  mast  be  referred  to  a  City  standard  on 
tha  profile  above  tha  cjntreline  of  the  road  profile  at 
each  manhel  j. 

g)  All  iBanholea  fehoyp  in  th  j  profile  .nust  indie;  ta  all 
existing  ...id  proposed  inverts  with  e...ch  hjving  referancj 
to  the  horth  arrow. 

3 .    CGNNJCTICIIb- 


A  single  sarhtary  connection  shall  b<3  prcvidjd  for  each  chrolling 
in  tha  subdivision.,   all  sanitary  sjtuar  connections  will  be  cf 
asbestos  esnon*  pip  5  ;it!i  rubber  :~in^  joints.   In  ~:n„ral,  hou=  , 
connections  should  ba  shown  to  th  .  contra  o:.'1  each  lot, 

■^av/jr  connection.-  shell  be  made  ,»iti3  properly  •'.  signed  fitting-. 
in  accordance  .;ith  the  standards  cf  the  City  of  Gait 

Two  inch  by  four  inch  (.!'■  x  !+"  )  woodsr.  ;;ur':^rs  fror.i  invert 
to  two  feat  (V)  ebova  ground  1  *vcl  ha  placed  at  the  end  of 
each  connection,  the  top  two  feet  (>')    to   he  parited  red. 

NOT^; 

i)    Sanitary  sjws^a  are  not  poraittod  io  accept  rocf 

drainage,  or  drainage  from  internal  atorm'  systems. 

ii)    Vitrified  clay  pipe  nhall  be  ii*jod  ahen  industrial 

...creage  is  considered  in  the  d  ,-sign  of  die  sanitary  se-./?r. 

iii)    All  existing  basement  elevations  muat  be  shoan  on  the 
profiles. 

iv)    Sanitary  hoaae  connjetions  ahall  connect  directly  into 
a  manhole  wherever  practicable. 


1.   Pipe  iiair.g 


Thrs  minimu.'-.:  diameter   for  >.'ains  and  double   catch  basin   conr.ectien. 
shall   b«s   1.2    inches  &tv*   for   singl  ;   catch   basin   connections, 
10  inches. 
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3.         STORM   SJ.rJKS 

1.      Pipe  Sizing  -    (continujd) 

Design   calculation   for  storm   eavar   systems    shall   be   coniDljtsd 
on  City   of  Salt   "Storm  Bs:imt  Oasisn  Charts'^    (Std.    6-1 (a)). 

a)  Run-Off 

To  calculate  flow,  the  rational  method  (3=A7R)  shall  be 
used  whirj: 

Q  =  design  flovr  in  c.f.s. 

k  -  ar.'a  in  acres 

I  =  rainfall  intensity  in  inches  par  hour 

R  -  run-off  coefficient 

I  is  tc  be  d  >t<?mined  from  the  City  of  Gait  standard 

rainfall  intensity  curve?  3td,  i-i,      R  La  to  b3  determined 

from  fcha  City  of  Gait  standard  3torr.i  sewer  analysis 
chart,  5td.  5—1. 

Storm  sewers  are  to  be  designed  to  acconimcdate  flow  from 
all  areas,  :.:hich  in  the  opinion  of  tlu  City  engineer  renuira 
outfall  through  thd  subdivision. 

Storm  sj"..'jr  connections,  properly  designed,  './ill  be  riquir.j 
for  all  commercial,  institutional  and  industrial  lots  or 
blocks  within  the  plan  of  subdivision. 

b)  Pipe  "apacity  - 

For  determining  pipe   capacity  use  Manning's  /'ormula 

(City   of   Gait   standard  circular  drain  ncmo-raph   Std.    8-4). 

Us  a: 

n   =   0.013  for  vitrifiad  clay,  asbestos 
cement  and  concrete  pipe. 

n   =   for  corrugated  metal  pipe  must  bra 
taken  from  the  A.I...I.  Handbook. 

c  )   Flow  Velocities  - 

Maximum  15  feet  per  second,  pipe  flowing  "ull. 

Minimum  2.5   feet  per  second,  pipe  flowing  full, 
d)   Selection  of  bedding  and  Class  of  Pipe  - 

Refer  to  lection  X,   Item  1(d). 

o )  Pip j  Depth  and  Location  - 

A  minimum  cover  of  five  (5)  feet,  from  proposed  road  grade 
is  required  to  th  ;   top  outside  cdtje  of  the  pipe  barrel. 
The  storm  sau  jr  shall  be  located  five  (5)  feet  Gouth  and 
Jest  of  centreline  of  the  road  allowance  unless  approved 
oth  jrwisa. 

f )   Type  of  Pipe  .nc.  Joint  Accept  :'olc  for  Gtorn  3ewera  - 

(i)    C  oners  v.  3  -        with  ->ccept_blj  rubber  gaskets 

unless  otherwise  approved  by  the 
City  :ngir.aer. 

(ii)   Corrug-.ted  fetal  -  for  culverts  only. 
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B,        3T0RJ1  ",zn23 

1.  Pipe  Sizing  -  (continued) 

All  10'  .concrete  rsawer  pipe  shall  bo  equal  to  A.3.T.H. 
C14/63  (extra  strength  only)  or  latest  amendment. 

All  cone  ret  j  sewer  pipe  12,!  diamot  er  and  lirgar  shall 
bo  equal  to  ft.3,T.K.  C76/63T  or  luteat  amendment. 

2 .  Manholes  and  C;tch  Baa-ins 
o, }  Poured  or  precast  as  per  City  of  Salt  standards. 

b)  Manhole  and  catch  basin  spacing  shill  not  exceed  300  feet 
unless  othjr.iso  approved . 

c)  A  drop  inlet  manholj  ..'ill  be  required  if  u  drop  in 
excess  of  3'-0*'  occurs  between  any  invjrt  and  tli3  lowest 
invert  in  the  ranhole. 

d)  The  benching  in  all  manholes  must  not  bo  loss  than  9,: 
in  width  jtiri  she.ll  conform  to  the  City  ol  Gait  standard 
drawings. 

e)  A  detail  must  be  shown  for  all  manholes  whan: 

i)   b inching  differs  from  that  shown  on  thj 
standard  dra./ings. 
ii)   depti  or  shape  of  manhole  requires  additional 
reinforcing. 

iii)    a.  situation  occurs  that  i~  not  shewn  on  the 
jtamLav'  jrqwin  -t,  . 

f)  All  manholes  must  b)  referred  to  i  City  standard  on  the 

profile  above  the  centreline  of  thj  road  profile  at 
each  manhole, 

g)  All  manholes  shown  in  the  profile  must  inJicata 
all  existing  and  proposed  inverts  with  e..ca  having  ref~ 
crane  e  to  the  North  arrow. 

M  ..'hen  road  grades  are  5,GjS  or  -r eater,  the  maximum 

spacing  between  catch  basins  shall  be  rjductad  to  200  feet. 

i)  V/her:  road  grades  -exceed  5.00,  catch  basins  ahall  be  oi 
the  offset  typa,  and  constructed  in  accordance  with 

Std.  2-9. 

3.   Backlot  Jrnin^.f-;  > 

Lots  shall  be  graded  e'rom  bad.  to  front  wh  i-jv-er  possible. 
All  drainage  ditches  and  s/iales  shall  be  soda^-d  in  accordance 

with  the  currant  City  of  Gait  specification:;. 

Hoar  lot  c.itch  basins  shall  not  be  employed  unless  previously 
approved  by  the  City  Jngineor, 

NOJJS: 

i)        All  storn  s  ewers  and  appurtenances  shall  be 
d3ai,3nod  and  constructed   in  ace orduncs  */ith 
the  most   recently   revised   City   oi'   CJalt   standard 
drawing.;  and   specifications. 

ii)        TSn  Cner  shall   grade  all  major  rear  y_rd 

and  side  yard  swales,   as  shovm  on  the   jradinj 

■plan,    to  provide   proper  dr.'.ina;T  ;.     Such  works 
shall    be   performed   prior   t.o  peri* ormanc o 
acceptance   of  thu  under.  jTCeuncI  utilities. 
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3  .      SacUlot    ^rainjL^j   -    (continu-jd ) 

iii)        A  mloiiama  cl.'arancj   cf   9"     is  required 

button   outbid  i  pipe   surfaces  at  ;. .1.1    pipe; 
CJr&B  jlnrjs , 

iv)       i;o  radius  pipe   shall  V-  v.sjd  Tor  pipe  having 
a  clia.v..it  jr  of  Io.^d  thai)  IV- , 

v)        A  dauble  catch  basin   is  require.-'.  ..hare 
drainage   is  received  fron  nor o  than  ono 
direction. 

C.   HOAJ3 

1.  floaO'./ay;  - 

All  gjometric  djsign  criteria  with  r^sp^ct  to  horizontal  and 
vortical  control  Jleraents  uust  conform  with  the  '  Geometric 
Design  Standards  for  Canadian  Roads  _u:d  Streets-  as  published 
by  the  Canadian  "ood  Itoads  Association. 

2 .  Int  .^sections  - 

All  radii  for  curbs  to  bo  25'    in  length  for  30  foot  pavements 
unless  approved  other./ise.   For  ir.t  jrsoctiens  of  othor  pavement 
widths,  tha  curb  radii  aro  as  follows: 

Jidth  of  Intersection 
Pavjin.:nt  (feet)  Curb  Radius  (:':.■  .it) 

30  an  J  36  jo 

30  and  45  50 

36  and  36  30 

36  and  U  50 

4$  and  4£  50 

3  .   Driv  jway  >.tranc  '3  - 

Driveway  snfcrciHe.se  and  curb  cuts  j,i.J  ]  be  in  ■■cccrdanc  ;  -Jiti; 
the  standard  >.' rulings.  Special  J oai-ps  t/ill  Lj  required  fo,- 
commercial  2nd  industrial  drivc.vuys  ,';  op  Muling  on  expected  u;e. 

4.  Pavement  - 

All  roac'-./avr:  sV  1  ]  b.  c!  ..^ignad  by  tlu-  Consul  ciiv;  Znrinoor  by. c 
in  no  c^';  .  ...lII  t>. ;  design  be  lous  than :  — 

i)  4*  -  granular  ,:B'T  material,  or  oquivalont 

ii)  4'  -  granular  !Ar  material 

iii)  2,:   ■•   binder  coarse  asphalt 

iv)  1'"  -  surface  coarse  asphalt 

(Asphalt  shall  bo  ono  of  Groups  I,  II  md  III,  depending  on 
the  classification  of  tin   proponed  ro->d,  which  Shall  be 
datarrainod  by  thj  City  jngino-jr.  ) 
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C.        RCAJS 
5.      Genera].  - 


i)        The  tsuxiEH&i  allowable   road   grade   for  all   roada   is 
6.0>,   unless  approved  othorrisj.     The  minimum 
allowable  road  oracle   is  0.5Q£i   except  for  cul-da-cicg 

and  turning  circles  where  a   curb   -;r  .<-■■-•   of  0.5O£  must 
bo  maintained. 

ii)       i!o  changa   in  grade  greater  than  l.Qfj  is  allowed   i-/ithout 
a  vortical    car/c.      The  minienun  length  oj.'  each  grad  2   1.3 
50  feat. 

iii)       The  allowable  crowning  of  bho  road  ali~.ll  ba  :?,5'/j  -  3.0;*i 

iv)       All   BJciotiBg  and  proposed   services,    curbs  and  aic'.a./alks 
must  bo  dimensioned  within   the   stream  lin*. 

0.        CUH35 

Curb  sections  .-.re  shown  on  fcba  standard  pi;,  ns  and  tha  dsvalopir 
is  required  to  uro/idi  one  standard  driveway  entrance  and  ccncritc 
ranp  at  fch.  required  location  for  2ach  dwelling  'unit. 

All  Material":  must  moot  the  requirements  as  sat  out  in  tha  curb 
specifications  ano  standard  dra.^.a^a. 

A  thoroughly  consolidated  base  of  crushed  granular  viuterial  './ill 
bo  required  undsmtath  and  61  beyond  -ach  si.Cs   of  fche  curb  section 
as  indicated  on  tiu  standard  cross-s-ectiona. 

i.   SID1 JAL:^ 

Sidewalks  shall  be  constructed  in  iccordLnso  with  th-e  -jeticna 
shown  in  thj  standard  drawing.   Concret  «  -hell  be  poured  to 
a  d-ipth  of  G"  where  the  aidjv/al'."  intercepts  a  comuorcial  or 
ind ua trial  drivawuy,  for  the  full  width  of  the-  drive. .uy. 

In  gcner,?l,  side.;e.l!-.  construction  uv.st  conform  to  the  current 
City  cf  Gait  standard  specifications  for  Miis  work. 

F.  LOULJ'/A^J.; 

All  portion  j  pi*  the  road  allowance  between  thj  back  of  cv-b 
and  tha  wigs  of  sidoi/sl*  closest  tc  the  curb  shall  be  sodded 
with  No.  1  bursary  "oJ  including  k';   of  topcoil. 

G.  TRJJ  pla;:ti:ig 

The  Owner  shall   pay   for  tha   planting  t-f  such  suecier:   of  fcrSes 
and    in  the  locations  us  saay  be  approved  by  the  Public  Utilities 
CoEiBiisfiien  of   ch  ;  City  of  Gait.      These   tr..es  iih.ll   be  plantau  as 
follows: 

-  one  tree  per  dualling  unit  unless  there  is 
already  a  tree   on  the   boulevard. 

-  ...  minima.::  of  I+<j  fast,  apart* 

The  Cnvnor  shall  f-raa.ranteo  the  life  of  such  trees  during  tha 
first  year  of  planting. 
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city  of  g.,lt  :::ci!T^:-;r:G  .ispym-niT 
jMGr.J^'iii'G  sunr.isncv'j  7CR  r:vji  j -j:tj.,l  o.;v:lopiuit 

o.jk  jral 

The  following  rrj^uirawants  cover  ^ubniaaions  to  tha  City]n--\"i"»-*-- 'i 

ffaparteont  cnlj.      Additional   subr.iirjsicn.s  to  the  Public u 

Utilities  Gaiwnissloji   or   bins  City  or  Gait   shall  bj  ruJ.-j  directly 
to   thoni  in  ..ccor.'a.ic  ;  uitii  their  raqulrorsenxa,      Th  :.«  sjco.ic! 
submission   ah., 11   not   bo  rods  unless  the  Public  Utilities 
Comroissiou'c  eotaaW-js  regarding  the  first  suor.ission  have  been 
received  and   incorporated. 

Plan  prints  for    ill   raubrdssions   shall  ha  rolled  and   placed   in 
numerical  order.     All  prints  shall  ba  :i,;,a-wt;  with  the  subnission 
nunbjr    (1,    :!,     >tc.)   and  data  of  submission'. 

The   original  drir.fing-i  shall   bo   on  linen  or  other  transparent 
material  a,;  may   be  approved  by  the  City    higinoer. 

All  drawings  shall  nsasure  24"  ;;  J6'!   or  .141'  x  48'-. 

HOT';; 

All   plans     nlull   shevj   the  fallowing  ncto: 

-  Single  lots  shoi.fr.  as        37 

-  .Geini-d  itcch ,-.!  lots  shown  as  6° 

Q.mSML   PLAINS 

A.   All  General  Flans  shall: 

1.  3e  drawn  at  a  scale  of  1'  =  100 !. 

2.  3ho-./  a  key  plan  at  a  scale  of  1'  =  1000'. 
i,      GboT  a  t.'orth  arroi,'. 

4.  Show  all  existing  and  nropoojd  lot  numbers 
and  Mocks. 

5.  liefer  all  datum  to  a  Jtindard  City  of  Gait 
Geodjtic  Boncb  Mark. 

6.  Shov:  ail  ixistiwg  services  and  utilities  and 
abutting  property  limits  in  broken  linos. 

■7.   ,3hou-  the  standard  City  of  Gait  title  block. 
(Sttf.  11-5) 

B.  General  flans  showing  above-ground  servicer;  shall: 

1.   Sliov;  all  aslating  and  proposed  curbs,  road 

allowances,  street  naaos,  catch  basins  and  road 
grades. 

C.  General  Plana  allowing  b  .low-ground  s  ;rvic  _-a  shall: 

1.  Ghow  all  existing  and  propos  ;d  -sewer  lengths, 

sizes,  tTpO'J(  manholes,  grades  (to  cwo  decimal  points) 
and  direction  of  flov/. 

2,  Show  all  existing  and  propos iC.   aat err.mins,  uises, 
hydrants,  valves  and  fittinga. 

}.      Show  all  house  cenn  action::  (as  singles). 
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G'lN-^AL  PL  A;!"  (continue  1? 

D.   General  Tlam  shoving  drainage  shall: 

1.  She'.:  r.torm  drainage  areas,  acreage ,   and  run-off 
coefficients. 

2.  aiio-./  sanitary  drainage  :irs^s,  ..creages  and 
densities. 

3.  Show  existing  elevations  *nd  propos  id   elevations 

ant  other  pertinent  information,  and  srwale  locations, 
together  with  specific  elevations  at  the  following 
points: 

ij  centrelin:  of  each  lot  at  20"  uetback. 
ii)  centreline  of  each  lot  at  60'  setback. 
iii)   both  corners  at  tha  rear  of  each  lot 
iv)   c  :ntroli.ie  of  the  proposed  red  in  front 
of  each  lot. 
v)   existing  and'  proposd  elevations  around  th  i 

limits  of  the  subdivision  an-,  existing  elevation: 
extending  .it  least  200'  externally. 
vi)  both  corners  at  the  front  of  e...cn  lot. 

4.  Show  all  berms  by  heights  and  loc:.tiona. 

5.  Show  cro^s-scctionc  of  all  proposed  scales. 

6.  ;3how  all  slopes  created  indicating  top  of  slop-; 
and  slope  ratio  of  the  slope,:;. 

7.  -Show  in  a   Legend  a  Sample  lot  indicating  rear  lot 
line,  existing  and  proper  ;a  elevations  at  rear  lot 
corners,  loc  numb 'a* ,  existing  ana  proposed  slivation 
at  20*  sitbicl-:,  proposed  elevation  it  60'  set'  . :k, 
•existing  and  proposed,  front  lot  corner:.,  str-;.-".  line, 
propos .a  cantrelina  road  grade  and  direction  .  .  flo-.: 
by  arrows. 

(}.  Show  if  t'.ure  ia  a  design  aplit  in  the  grading 
of  the  lot. 

9.  The  proposed  ^1  ivatiou  at  20*  setback  froti  the 

street  line  should  ou  a  minimum  of  1  V   and  a  maaimum 
of  3'S''  ebev;  c:ntreiin.:  oi'  read  in  front  of  the 
lot,  unless  approval  other  ..ia:. 

PLAIiS  AN  J  i.yii,  :r- 


1.  All   plans  and   profiler    shall   'as  drawn  at   scales   of: 
1"   =  40'   horizontally,   a ad 
1!-    *  k'    (or  1»    =-10')  vertically. 

2.  Show  the  Worth  arrow  in  each  plan  visa. 

3.  Show  the    standard   City    of    .alt   title   blocU.    (3td.    11-' 

4.  Jhart  two  or  more  .-.heets  are  required  for    each 
street,  natch  lines  iByst   be  used    nul  there  jhould 
be  no   overlapj   or  duplication   of   information. 

5.  Tiro  nhort   streets  may    ee  shown   on   oaj   plan   profile 
if   space   perriiits. 

6.  Refer  upturn  to    i   standard  City   of  Salt   Geodjtic 
Bench  I  ..rk,    stating  Bench  i".ar-<   .nam.Der,    location   .irtu 
el  ev.it  ion. 

7.  ahow    .11   ex:L:/cii-:.T,  and   proposed    curb:;,    ro..d   allowances 
.  and  street  nawos, 

C.      Show    .11    .ixi£;ting  let   nujaber«    md  blocks,    all     jxistin* 
iron  bare  a;-.  '   regist  :r  ;d  rl^n  numbers. 
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GJSORAI,  PLANS  (continued) 

PLANS  AFP  PilOFIL^S  (continued) 

9.   Show  all  existing  and  proposed  w.jtermain  sizes, 

with  hydrants,  valves,  fittings  and  other  utilities. 

10.  Show  all  existing  and  proposed  sav/ar  lengths, 

sizes,  types  grades  (to  two  decimal  points),  direction 
of  flow,  manholes  and  catch  basins. 

11.  Show  all  house  connections  (as  singles). 

12.  Show  all  nanholes  ./ith  proper  symbols  and  their 
types  referred  tc  a  City  of  Gait  standard. 

13.  Storn  manholes  ehall  be  designated  as:  U.K.  2 

Sanitary  manholes  shall  bo  designated  as:  II. H.  S-4. 

14.  Centreline  of  road  shall  b?  plotted  on  thi?  plan 
view  with  stations  of  B.C.'s",  J.C.'s,  road  limits 
and  inters ectior.s. 

15.  On  ths  profile  show  the  length  between  grade  points, 
the  propos  id  grades  at  50  feet  intervals  and  all 
vertical  curve  information. 

16.  Shov/  the  street  line  elevations  at  the  limit  of  the 

subdivision. 

17.  On  all  profiles  show  the  type  of  sewer  bedding 

to  be  used  and  the  maximum  allox/sble  trench  widths. 

1E$.   Show  a  cross-section  of  pavement  design  indicating 
depths  and  types  of  the  granular  material  and  the 
asphalt. 

19.  Show  a  cross-section  of  all  major  swales  and 
drainage  ditches,  if  any. 

20.  Shov;  cross-sec  uions  of  all  walkways, 

FIRST  5UBMI33ILr 

The  following  plans  and  documents  are  requirsd  for  First 
Submission: 

A.  Two  complete  sets  of  the  following  drawings: 

i.)  Plan  proposed  for  registration,  if  available. 

ii)  General  Flan  showing  all  above-ground  services. 

iii)  General  plan  shewing  all  below-ground  ssrvices. 

iv)  Overall  grading  plan  showing  all  existing  and 

proposed  elevations  as  described  in  the  previous  section. 

v)  Plan  and  profile  of  all  proposed  road  and  services, 

vi)  Flan  showing  miscellaneous  details,  if  required. 

B.  Two  sets  of  the  schedule  of  s-jrvic 3S  required  and  cost 
estimates,  including  a  breakdown  of  all  cost  sharing 
if  any. 

C.  Two  copies  of  the  following: 

i)  A  storm  sower  drainage  plan  including  the  whole  storm 
sewer  ara-i   to  be  drained  through  the  proposed  system, 
showing  contours  and  drainage  patterns  of  adjacent  lands, 
ii)  Standard  Design  Sheet  for  storm  se./ers.   3td.  2-1  (A). 
iii)  A  sanitary  -ewer  drainage  plan  including  the  whole 

sanitary  sewer  ires  to  be  drained  through  the  proposed 
system. 
iv)   Standard  Sanitary  Sewer  Design  sheet.   3td.  9-l(A) 
v)  Standard  design  she-»t  for  pip  -3  strength  and  bedding 
unl iss  if  special  designs  are  required. 
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Gr.HRAL  Pt.u'o  ( continued) 
S-iCOlIJ  3U3MIJ?IOr 

The  following  plans  and  documents  ire  raquirjd  for  the  Second 
Submission: 

A.     Two  complete;  s;ts  of  drawings  13  listed  for  first 
submission,  It-.»m  A. 

3.     Two  comolota  aats  of  sch^dul-as  aa  listed  for  first 

subnicsion,  Itotn  !J,  including  thrae  O)  draft  copies 
of  thi  contract  spacificationE;  and  standard  dr.r./injs 
to  b-j  us  ad. 

C.  i)  Two  complsto  sots  of  druv/injs  and  shd.-Cs  as  listed 
for  first  submission,  Itci  C,  if  unsatisfactory  in 
fir  it  submission. 

ii)  0../.P..C,  Application  Forms  for  "cuors  (original  plua 
two  copiosj  duly  sign  ad  by  tho  Consulting  Jn-inoor, 
togathar  with 

iii)  An  additional  set  of  plans  and  profiles  of  all  propos  :d 
ro_ids  and  sjrvio-  and  a  gsnar  .1  pl^n  of  und-irgrount 
sjrvicjo.  to  bs  submitted  by  thj  Ci-y  to  Q.'./.R.C. 


). 


Copies  of  all  approvals  (JeparUunt  ox'  Transportation 
and  ComBunications,  IT.3.B. »  C3.Il. ,  etc.)  if  applicable. 


A3  CCIISTTJCT:  >  lU^-IiGOIO!' 

./hen  construction  is  complete,  on.;  sat  of  liner,  drawings 
shcrins  '-as-built-  details  and  all  iron  bars  is  to  bo  submitted 
to  tlu  Gity  Snginaar  for  filing  i/ith  thj  in^in parang  JeparcM-n>: 
of  the  City  of' Gait. 

HOT^S: 

1 .     Tha  above  sub.iiarnon  mu^t  bj  Br.-.di    md    M.-proysd 
b3for-'   any   filial    .-^  '■'  'rcv.-Ii   c.  ."■    ">■-  i^'.u.;  • 

?.     Prior  to  "p jrfonaatic J  accaptancj1,   of  tha  underground 

utilities,    -hi  Ovnii-ris    Jn^in^-r  r.hall   prcviilj   the   City 
with  ''as-built^   sepias  of  all  tha  .fork  coi.ip3.et3d. 
Thio  shall  b.j  in  addition  to  the    t  ;o  prints  cf  th3  "aj- 
builts"   v.-hich  shall  accompany  the   latter  to  the  City 
requesting  a  rporfon.k;nc-  iasp action'    of  any  coiiplotod 
'.;orkc. 

3.       /lure  any  City  cost  sharing  is  involved,    the  Owner's    insix:      i 
shall  provide  the  City  with  fchraa    (3)  ewnplcta  "Ocliodula 
of  Unit  Fric2Li;    prior  to  start   of  construction. 
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t  .    _  ,.       t , „  STANDARD   MANHOLE  FRAME  — 

an<)    COVER 

— —         "  "  MORTAR      =■= 

i_£ PARGETING  — ^_ 

WIN.    I,    AND   MAX.  3  COURSES 
OF    BRICK 

—  STEEL     REINFORCING    - 

-  -  LADDER      RUNGS 

SEE     STD.1-7 


BENCHING 


*/3  pipe  dia. 


t    -CHANNEL    SHALL    NOT 
LESS  THAN      1/2 


t     P|P£    DIA 


SECTION    "A -A" 


i    *    <     ■    *     »    ;    «    *  | 


SECTION       OF       ROOF     SLAB 


i  I 
.<ti 


xz 


CZ) 


TOT 


i-  +  4  l-i  4-' 


9-      »••   «■'  e-  e- 


ROOF     SLAB    REINFORCING 


NOTES. 

1.  CONCRETE   TO  BE    3COO  PS  I     COMPRESSIVE 
STRENGTH    AT  28    DAYS. 

2.  MORTAR  MIX;    I  CEMENT!  3  SAND. 

3.  PARGET  MIX  ON  ALL   BRICK  WORK  TO    BE 

I  CEMENT   3  SAND    6  APPLIED  l/2'THICK. 

4.  USE  APPROVED  CONCRETE  BRICK  3000  PS. I. 

5  MANHOLE  FRAME  B  COVER  SUPPLIED  BY  THE  CITY. 

6  BENCHING  SLOPES  IVERT    6  HOR. 

7  STEPSTIRST  STEP  24" MAX  BELOW  FRAME 

LAST  STEP  12"  MAX   ABOVE  BENCHING. 

fl.    COVER  OF  CONCRETE    OVER    REINFORCING  TO 
BE    2" 

9  ALL  REINFORCING  TO  BE  NO.  5  HI -BOND 
STEEL  BARS. 

10  ALL  BASE  SECTIONS    TO  BE  FORMED 


wv 


2000  PS  l   CONCRETE    TO    LIMITS   OF 
EXCAVATION 

SECTION  "B-B" 


'B" 


t 


— — .--F 


c; 


■a" 


— V 

I 


t-r-" 

J— L- 


'=i  - 


-"A" 


PLAN 


VIEW 


2 

I 

BENCHING 

w  B 

D  N. 

1/15/ 69 

PO5m0"   ;f  ladoeb 

bUS^S    (HtN'ifD 

A    I 

onupvni 

JAM    T  /  69 

NO 

REVISIONS 

BY 

CHK'D 

DATE 

CITY         OF        GALT 

STANDARD          MANHOLE 
UNDER    8'     DEEP 

tor     SEWERS  39"  or    SMALLER 

SCALERS'-  I'-O" 

STD.  1-1 

DATE!  APRIL  10.  1966 

DRAWN  BY:  W.  BALL 

'A'      ,  ~ 

^PENO.. 

DESIGN  BY:P  MORROW 

\  CITY    ENGII 

JEER 
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STANDARD     MANHOLE     FRAME     B     COVER 

MORTAR 

PARGETTING 

Mix   I,  MAX  3   COURSES    Of    BRICK 

LAODER    RUNGS  -   STO  l-T  


RUBBER     GASKET    IN    ALL    JOINTS 


REINFORCING    WELCEL     TOGETM 
AND    JOINT    GRO'JTED     *>TM 
NON-SHRINK     MORTAR 


NOTtS 

t    MIN.  PIPE    01A    OF    MAIN    LINE    TO    BE 
42"  1,0. 

FOR    1.0.  <  60"   •    L  -   90". 
FOR    1.0        60"  ft  LARGER  -   L  -  96'.' 
PARGET   MIX  ON   ALL  BRICKS    TO    BE 
I  CEMENT  i  3  SAND,  APPLIED    1/2"  THICK. 
USE    APPOVEO    CONC.   8RICK  -  3000  P.S.I. 
M.H.  FRAME   6  COVER    SUPPLIED  BY  CITY. 
STEPS'  FIRST  STEP   2.-1"  MAXIMUM 
BELOW    FRAME.    LAST    STEP    TO    BE 
A  MAXIMUM    OF   24"  ABOVE    PIPE   INVERT. 

CONCRETE.    TO  BE     2000  PS, I. 
COMPRESSIVE    STRENGTH    AT   28  DAYS. 

9.  "T"  MANHOLE    TO  BE  MANUFACTURED    BY 
PIPE    SUPPLIER 


2 
4 

5. 
7 


e 


5 

4 

3 

2 

i 

NO 

REVISIONS 

BY 

chk'd 

DATE 

CITY       OF      GALT 

STANDARD          PRECAST 
"T"      MANHOLE 

SCALE-    3/0"  -  r-o'" 

■  STD.  1-2 

DATE'   JAN.  10,  1972 

DRAWN  BY«   T.J.C. 

V  ....-;      PLUG. 

DESIGN  BY'    P.A.H. 

cn 

fY    ENG 

NEER 
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/■NO  1  BARS 


*IE^ 


U 


. X ..o   o    t    *'_-<>"     I 

1 

n  r  ->^  rTTT^TX-TTTI 

<-*T/^ — S\T  -T-fTi'+-)--t-t  + 

1  />/                \\  t  ■*  -f  f   t   t  "t    +"t 
(*r''?"H :  V  "+  -r  "I  t'lU1 

r+ 1  ;^— £T+  -tt^-rf-*r"t-t 

H+--|\^4-r-h-t-t-t-t-*-l-  +  ^ 

.T 
\ 

* 

mtt-ttit-t  +  titi  + 

H-r--t-i--r  +  -r-t-r+-r--r-T-ti- 

^   + 

**+  t  -t  -r  +  ■+  "t  *+  •+  •*  +  t  i  t 

<*- 

r+^j-  -r-i--f--t--t--f--t--t--l — r  -r  -t  -f 

PLAN        L^l'B" 

, —  STANDARD  ^ANHOuE  FRAME  5  COVER 


MORTAR 


CONCRETE    CAP    DETAIL 


-   MAX 
COURSES  o'  BWICK 


LADDER   RUNGS 
{  SEE  STO  1-7) 


-         PAROET  NO  -  S 

-»"    yiN  I  MAX  3  '<"■ 


STAHDAHO     ]>'  PRECAST 
MANHOLE    STACK 


?Q00    P5  I     CQHCRCU    TOL'MITSO*- ■** 

MAN'!Cl€      IfCA^tTiOh 

SECTION  "A^A" 
NOTES 

I.     OD  =  OUTSIDE  DIAMETER  OF  PIPE 

2  CONCRETE  fO  BE    iOOO  PS  I  COMPRESSIVE 
STRENGTH  AT  28  DAYS. 

3  MORTAR  MIX.  I  CEMENT- 3  SAND.- 

4  PARGET  MIX  ON  ALL  BRICK  TO  BE  I  CEMENT    3  SAND 
AND  APPLIED  1/2    THICK. 

5.  USE  APPROVED  CONC  BR'CK    3000  PS  I 

&  MANHOLE  FRAME  SCOVCR  SUrPLIED  BY  CITY. 

7.  BENCHING  SLOPES:  I  HOR.  :   5 VERT. 

8.  STEPS    FIRST  GTEP  24"MAX    CELOW  FRAME. 

9.  ALL  REINFORCING  TO  6E  HI  BOND  BARS. 

10  M IN. COVER  OVER  REINFORCING  OF  CONCRETE 
TO  BE  2 

11  ALL  BASE  SECTIONS  TO  BE  FORMED. 


0  D        .       I  ■  0 

SECTION  "B-B 


„ 

1 

»tJs*A**»   i^gi  S'l*0*40 

*  a 

F  • 

t*.  i ,  rt 

NO 

REVISIONS 

BY 

CHK'D 

DATE 

CITY        OF        GALT 

STANDARD        MANHOLE 
FOR 
SEWERS    OVER  39"  1  D 

SCALE'  1/4 "s  I'-  0" 

■s 

rp.i-4 

DATE    JAN  26,  1971 

DRAWN    W  BA  LL 

CIT 

•~t> — *-.,HENG. 

DESIGN.  FBANDONI, 

Y  ENGlf 

JEER 

BASf   P<  SFOBCINO  MO  5    SA^iS 
-2'CC    BOTH   *AYS   FOR   MM 
Ow'es    2    DEEP 

SECTION    'A- A" 


SECTION   "B  :_B^ 


NOTES 

1  OD.  =  OUTSIDE    DIAMETER   OF   PIPE 

2  CONCRETE    TO  BE     3000  PS  I    COMPRESSIVE 
STRENGTH   AT  28  DAYS 

3  MORTAR    MIX     I  CEMENT    3  SANa. 

4  PARGET  MIX  ON  ALL  8RICK   TO   BE    I  CEMENT:  3  SAND 
AND   APPLIED    1/2     THICK 

5.  USE  APPROVED    CONC.  BRICK    3000  PS. I. 

6.  MANHOLE  FRAME  8  COVER   SUPPLIED  9Y    CITY. 

7  BENCHING  SLOPES    I  HOR      3  VER 

8  STEPS    FIRST  STEP  24"  MAX    BELOW   FRAME 

9  ALL  REINFORCING  TO  BE    HI -BOND   BARS 

10  MIN.  COVER  OF  2"  OVER  REINFORCING   OF  CONC 

11  ALL  BASE   SECTIONS  TO   BE    FORMED 

12  WALL  THICKNESS  =   5" 


— - 

—     -  - 

-     H 

-   '.  ■ .  w 

Hfc'jHiWN      ^HS'AN     *Hi 

T  J  C 

NO. 

REVISIONS 

BY 

CHK'D 

DATE 

CITY        OF       GALT 

STANDARD      MANHOLE 
FOR     SEWERS      39" 
A*JD    SMALLER    AND   OVER  B'-O"   DCEP 

SCALE     3/6"  =    l'-0" 

STD.I-5 

DATE     JAN    29,  1971 

DRAWN       T  J  C 

f  -',-r  -<-_-    P  ENS 

DESIGN    FBANOONI 

city   ENGINEER 
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!"   CHAMFER     (OPTIONAL! 


PLAN      VIEW 


CURB    LINE 


CATCHBASIN    FRAME  ft  COVEP 

MORTAR 

PARGETING 

MAX'.  3   COURSES  OF  BR<CK 
WITH    NO    OVERHANG 


.PIPE    GROUTED    IN    PLACE 
/  (MORTAR I 


MIN.  10     OlA 
CONCRETE   PIPE 


CONCRETE   CRADLE 
BEDDING   EXTENDED   TO 
UNDISTURBED    GROUND 
TO  BE   PLACED   UNDER 
s    PIPES  IN   C  B 
1   EXCAVATION  (2000  PS  I  ) 


3" CONCRETE   SlAB 
POURED  ON  UNDISTURBED 

GROUND     30O0PSI 


SECTION     'A- A" 


notes: 

i  concrete  to  be  4000  ps. i  in  basin,  while  all 
other  concrete  to  ue  3000  ps.i.  compressive 
strength  at  28  days. 

2.  mortar  mix.  i  cement:  3  sand. 

3.  parget  mix  on  all  brick  work  to  qe 

1  CEMENT.  3  SAND  ond  APPLIED    1/2     THICK. 

4.  USE  APPROVED  CONCRETE    BRICK  -  3000  PS  I. 

i    CATCHBASIN  FRAME  ond  COVER  SUPPLIED  BY"  CITY. 

6  4*x4"-6/6  GAUGE  WIRE  MESH  REINFORCED  WALLS 
and   BASE. 

7  LIFT  HOLES  TO  BE  PLACED  IN  SIDES    OF  BASIN. 


NO 


REVISIONS 


BY     CHK'D.   DATE 


CITY 


OF      GALT 


STANDARD        PRECAST 
CATCHBASIN 


SCALE    3/4"-  I'-O" 


DATE: JULY  4, 1968 


DRAWN  BY:W.BALL 


DESIGN  BY;P  MORROV< 


STD.2-2 


j^.^f.~A-.RENG. 
CITY  ENGINEER 
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Cencialt  Ot*Mn« 
J. J" . 


■  ••    DTC    STD    DO-'IO 


i-a-- 


FRONT         VIEW 


ENLARGED     DETAIL    OF 
GRATING     FASTENER 

IStctl  Plort  .Boll   orn)   Nm  J 


'•t'aftir  ■   144    Jttail    ►*'#• 


'Jv'     •'       Rl|     k*     )ll[l< 


SECTION  "A-A" 

[  Inlt'      oi    Drleh     Slooc  ) 


SECTION        A-A 

i  liit"      (krjn    Ditch  J 


Slooe  of 

Grating 

'4' 

O^TIi^VOn 

B 

2 ' 

2'-  3" 

>v 

3    1 

2-1'/," 

JV," 

4    1 

2  -ov 

2  V 

I     TO    PERMIT  USE    OF   COLLAPSIBLE   FOR.,  S  ,  SE  Ml- CIRCULAR 
BOTTOM    MAf    BE    EMPLOYED    AT    CONTRACTOR'S    OPTION 

I.  ALL   CONCRETE    WORK    TO   CONFORM  TO    SECTION  »-04 
OF  O.T.C    FORM9       CLASS   OF    CONCRETE  I   3O0O   P  5.1. 

S     POROUS    BACKFILL    TO  BE    PLACED     TO  A  MINIMUM 
THICKNESS    OF    Ift.    ON   ALL    SIOES 

4.  THIS     STANDARD    TO   BE    READ    IN     CONJUNCTION    WITH 
O.T.C       FORM    40T. 

5.  WHERE    4'K4'    INLET    BASIN    IS    REQUIRED  ,  REFER    TO 
D.T.C.    STO.   DWC.    00-7O7-C. 

«    CONCRETE   CRADLE  BEDDING   UNDER   OUTLET   PIPE  TO 
BE    EXTENOEO    TO    UNDISTURBED    GROUND    IN   CATCHBASIN 
EXCAVATION    AT   3000  PS  I. 

T.    MORTAR    MIX   TO    BE  <      I   CEMENT       3    SAND 


5 
4 

5 

2 

1 

NQ 

REVISIONS 

BY 

c,  mk'o 

DATE 

CITY       OF       GALT 

STANDARD    2'X2'    DITCH    INLET 
CATCH             BASIN 

SCALE:      N.  T.  S 

■  STD.2-3 

DATE'  JAN.  11,1972 

DRAWN   BY-   T  J.C. 

-   - 

en 

-i  ^,  -—  P.ENG. 

DESIGN  BY.   PAH. 

■Y     ENG 

NEER 
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—  MAX.  3    COURSES 
BRICK    TO   GRADE 


MORTAR 


PARGET  I  N$. 


!^j^__j^: — UX4& 


SECTION  "B-B" 


SECTION  "A  -A" 


EXISTING    CATCHBASIN 


notes: 

i.   concrete  to  be  3000  psi  compressive 
strength   at  28  days. 

2.  MORTAR  MIX.  t  CEMENT     3  SAN  a 

3.  PARGET  MIX  ON  ALL  BRICK  TO  BE  I  CEMENT 
:  3    SAND  a  APPLIED  l/Z     THICK. 

4.  USE  APPROVED  CONCRETE  BRICK  3000  PSI. 

5.  CATCHBASIN  FRAME  S  COVER  SUPPLIED  BY 
THE   CITY. 


— 





--- 

NO 

REVISIONS 

BY 

CHK'D 

DATE 

CITY        OF      GALT 

STANDARD      (TYPED 
CATCHBASIN              PUP 

SCALE     1/2"  ■  l'-0" 

-  STD.  2-4 

date: july  e,  i96e 

DRAWN  BY  :w.  BALL 

/    CI 

(i-k.^PENG. 

DESIGN  BY.PMORHOV 

TY  EHG 

INEER 

Z3EEZ 


4  -  NO   5    HI    ecvo    BARS 
S'-6'(.G     STRAIGHT 


CURB    UiNE 


PLAN        VIEW 


J  ■ «" 


CATCHBASIN  ,   FRAME,  on<J    dov£R- 
MORTAR 
PARGETING 


SECTION  "A -A" 


NOTES 

1  CONCRETE  TO  BE    30CO   PS  I     COMPRESSIVE 
STRENGTH   AT    28  DAYS. 

2  MORTAR   MIX     ICEMENT     3  SANO 

3  PARGET  MIX  ON  ALL  BRICK   '.VORK  TO  BE  I  CEMENT 

3  SAND  and  APPLIED  1/2"   THICK. 

4  USE  APPROVED  CONCRETE  BRICK    30C0PSI 

5  CATCHBASIN  FRAME  8.C0VER   SUPPLIED 
BY  THE  CITY. 

6.     ALL  BASE    SECTIONS  TO  BE   FORMED. 
7     THIS    UNIT    MAY   ALSO    BE    PRECAST    WITH 
45"    WALLS. 


SECTION  "B^B" 


coNCRtTf  cradle  bedding 

EXTENDED   TO  UHDISTuR&E')  r.RT-JNO 
TO  BE   PLACED    UNDER   P:PFG     N 
CA1CHUA5IN   EXCAVATiO'<  I  2000PS  I  I 








- 



NO 

REVISIONS 

BY 

CHK'D 

DATE 

CITY          OF       GALT 

TWIN         INLET 
CATCH    BASIN 

S< 

;ale:  i/2"m"-0"    I  c- 

rD.2-6{i) 

DATE  1  DEC  ?3.IS6S  1  ** 

DRAWN  Ot:W.  BALL       Jt. 

"t£*r.^PENO 

DESIGN  BY.  P.  J.  M       *jciT 

Y    ENGI 

NEER 

BACK  ARCH  FOR  24  C  B 
SEE  STO 


V , 


."XX 


■QP    OF    RUBB, 

i_sMgB 


MIN    OF   I 
MA  X     OF     3     COURSES 
OF    BRICKS 


PRECAST  C8  BROKEN 
OUT  ond  DISH  FORMED 
FROM    BACK    ARCH 


STANDARD    24"     PRECAST 
CATCH       BASIN 


Z4"  CATCH   BASIN    FRAME    S  COVER 
SEE     STO    I- 10       y 

WOAOSURFACE  / 


FACE 

OF 

CURS 


TpppF  cjqs 


—  PIPE   GROUTED 
IN      PLACE 
\     (MORTAR) 


MIN    10      DiA 


CONCRETE    PIPE 


CONCRETE 
CRADLE 


3    CONCRETE      SLAB 
POURED    OH   UNDSTURBEtV 
GROUNO    3000  PS 


SECTION  "A-A" 


2' -9" 1 — 12" -j 

<-S"MIN -*\] 


SECTION  "B-B" 


B 

1 


POURED 
T— CONCRETE 

\        SUPPORT 


se 


I! 


c, 


p 


f-CURB     LINE 


NOTES 

t.  CONCRETE    TO  BE    4000  P.S.I   IN  BASIN,  WHILE  ALL 
OTHER   CONCRETEO-0  BE    3000    PS  I 
COMPRESSIVE     STRENGTH    IN    2B    DAYS. 

2.  MORTAR    MIX^     I   CEMENT  ■   3   SAND. 

3.  PARGET  MIX  TO.  BE     I    CEMENT     3    SAND 

ond    APPLIED      V2a  THICK    TO    ALL    BRICK     WORK. 

4.  USE    APPROVED    CONCRETE    BRICK  -  3000  P.S.I. 

5.  CATCH   BASIN    FRAME  ond   COVER  ond   SACK  ARCH 
SUPPLIED    BY    CITY. 

6.  RE  -  1NF0RCIN6    WIRE  -  A.S.T.M.   no.  AI85-58T 
W.W.M.    4"  x  4"-  6/6. 

7    LIFT  HOLES    TO    BE  PLACED    IN    SIDES    OF   BASIN. 
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Hydraulics  and  Design  of  Sewers 

This  lecture  is  part  of  a  design  course  on  sewers  and 
water  mains  and  will  follow  a  lecture  on  "Predicting  Flows 
for  Storm  and  Sanitary  Sewers  and  the  Physical  Features  of 
Sewer  Systems", 

The  highlights  of  Chapters  S  and  6  01  the  W.P.C.F.  Manual 
of  Practice  No.  9,  "Hydraulics  of  Sewers"  and  "Design  of 
Sewer  Systems"  are  covered  here  for  easy  reference,   For  a 
more  detailed  look  into  the  subject  it  is  suggested  that 
the  VLP,C=F.  Manuax  be  studied: 

Some  of  the  topics  that  are  dealt  with  in  this  part  of  the 
course  are  the  Mannings  formula  and  values  oi  'n',  minimum 
and  maximum  design  velocities,  hydraulics  of  culverts, 
hydraulics  of  junction  and  transition  manholes, and  hydrogen 
sulphide  generation.   An  illustration  is  given  to  show  how 
sewer  sizes,  grades  and  depths  are  determined. 


-  158  - 


Hydraulic  Considerations 

Hydraul ically  sewers  aie  either  classed  as  open-channels  or 
pressure  conduits   The  liquid  suifaee  in  open  channels  is 
exposed  to  the  atmosphere    In  pressure  conduits  the  liquid 
fully  fills  its  conduit.   Sewers  are  most  often  designed  as 
open  channels    It  may  sometimes  be  advantageous  to  design 
storm  and  sanitary  sewers  u  operate  under  a  head  or  as 
pressure  conduits    We  will  concentrate  on  open-channel  flow 
today, 

(lj    Type  of  Flow 

We  have  steady  flow  and  unsteady  flow,   Steady  flow 
may  be  uniform  if  the  velo^ty  and  depth  are  constant 
from  point  to  point  aion6  an  open  channel  or  if  the 
cross  sectional  area  is  constant  in  pressure  conduits 
See  Figure  1'  on  Page   5   for  steady  uniform  flow  types 

Other  types  of  flow  we  experience  but  will  not  study 
in  this  lecture  aie  laminar,  turbulent,  subcritical  or 
supercritical . 
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(ii)    Specific  Energy  Head 

From  the  energy  principle  the  relationship  can  be 

2 
developed  that  H   =  d  +  V   for  open  channel  flow, 

0       *g 
where  H   is  the  specific  energy  head,  d  is  the  depth 

of  flow,  V  the  mean  velocity  and  g  the  acceleration 

due  to  gravity.   The  term  V   is  commonly  referred  to 

as  the  velocity  head. 


(iii)   Classification  of  Flow  Profiles 

Critical  depth  serves  as  a  useful  tool  for  the  class- 
ification of  all  open  channels.   When  the  rate  of  flow 
is  maximum  for  a  given  total  energy  the  condition  is 
referred  to  as  critical  flow  or  flow  at  critical  depth. 
This  point  is  most  useful  for  calculation  of  drawdown 
or  backwater  curves.   Flow  at  velocities  greater  than 
critical  is  called  supercritical  flow  and  flow  at 
velocities  less  than  critical  is  called  subcritical  flow. 

The  normal  depth  of  flow  in  an  open  channel  is  that  depth 
at  which  the  slope  of  the  water  surface  and  the  slope  of 
bottom  are  parallel. 
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Hydraulic  Formulas 

The  Kutter  and  Manning  formulas  have  been  widely  used  in 
sewage-flow  computations  for  open  channel  conditions.   The 
Manning,  Hazen-Williams  and  Darcy - Weisbach  formulas  are  more 
commonly  used  for  pressure  conduits- 

Charts  have  been  prepared  for  the  Kutter  and  Manning  formulas 
and  are  included  on  Pages  6  to  13  inclusive  for  easy  reference. 
It  is  recommended  that  Manning's  formula  be  used  for  sewer 
design  because  of  its  simplicity  and  the  close  approximation  of 
the  Manning  'n'  and  the  Kutter  'n'    For  example  the  Kutter 
formula  gives  a  Q  of  31.33  c.f.s.  and  a  V  of  7.88  f.p.s.  for 
a  30  inch  diameter  pipe  @  1  00*  grade,  'n'  -  0.013  (see  Chart 
on  Page  6)  while  the  Manning  formula  gives  values  for  Q  of 
31  0  c,f  ,s,  and  for  V  of  7,71  f  p.s   (see  Chart  on  Page  8). 
It  should  be  noted  that  the  Chart  on  Page  6  has  been  developed 
using  'n'  -  0015  for  pipe  sizes  up  to  and  including  24  inches 
in  diameter  and  'n'  -  0.013  for  pipes  of  larger  diameter. 
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2  53 

2  25 

2    H7 

4  09 

5  B3 

3    33 

6  64 

3.76 

10  00 

4.  16 

0.53 

2.M 

2  69 

3     12 

6.22 

3    5  2 

9J7 

3    90 

3    61 

0  30 

1  95 

1    7(5 
1  59 

2  .49 
2    27 
2    03 

3.55 

3    Z4 

~?~B9 

2    89 

5  76 

3.  26 

0   C  1 

0  25 

2    <  '•■ 

J?» 

2    97 

2    C6 

J . 

7   9? 

7  0b 

3    29 
2    94 

0  20 

1 

?    J6 

|     4  70 

D-5.1 


-    164    - 

DISCHARGE     AND    VELOCITY 
FOR 
CIRCULAR  VITRIFIED    OR      CONCRETE    PIPES 


24" TO  48" 


MANNING    FORMULA 
I486  R^  S  VgA 

n 


Q  = 


BOROUGH  OF  SCARBOROUGH 

WORKS     DEPARTMENT 

APRIL  I,  1970 


V 


1.486 -R2/3-S  /z 


«l 

n 

"n"  =  .013 

H 

% 

2  4" 

2  7" 

3  0" 

3  3" 

36" 

39" 

4  2" 

4  P" 

GRAOE 

0 

V 

0 

V 

a 

V 

Q 

V 

0 

V 

0 

V 

a 

V 

0 

V 

6  00 

555 

I7.t 

75  9 
692 

61-9 

I  9  1 
1  74 
1  56 

100  5  1 

91  7 

e?o 

20. 5_ 
1  87 
1  67 

129.9 

21.9 

1633 

231 

2033 

245 

246.3 

25  6 

3517   '     1B0_ 

5  00 

50J6 

161 

1186 
1061 

2  00 
1  7.9 

149.1 
133  3 

21.1 

1856 

22  4 

2249 

234 

321.1 
2872 
2687 

25  5 

2  ?  a 

21  4 

1  89 

166  0 

20,0 

201.2 
188.2 

209 
19  6 

4.00 

452 

1  44 

3.50 
^00 

42  3 

1  3  5 

579 

I  46 

7G7 

1  5.6 

992 

1  67 

1247 
1155 

1054 

1  76 
163 
149 

1  5  5.3 

18  7 

392 

1  25 

536 

1  35 

71  3 

145 

91  8 

1  55 
I  42 

12.6 

I43B 

17.  3 

1  742 
1590 

18.4 

16  5 

2487 
2270 

9  B 

1  8    1 

2  50 

358 

1  14 

488 

I  23 

6  4.0 

13.2 

636 

1  31.2 

158 

2.00 

320 

102 

43.8 

1  1.0 

580 

1  1.  8 

750 

94  3 

13.3 

1174 

14  2 

144  2 

14,  B 

2031 

1  G    1 

1.00 

30.4 

9  66 

4  1.  5 

1  0  4 

550 

II   2 

71.2 

12.0 

69  5 

127 

1114 

1  3  4 

1350 

.  4  0 

1927 

1  5.3 

1  60 

286 

9.11 

392 

9  84 

51  9 

10.6 

67  1 

1  I   3 

84  3 

1  1  9 

1050 

1  2.7 

1273 

13  2 

181  7 

1  4.  4 

1  50 

277 

882 

379 

953 

50.2 

10  2 

650 

10.9 

81  7 

I  1.6 

101,7 

12  3 

123  2   ] 

12  e 

1  759  1     14-0 

1.40 

26.8 

852 

36.6 

9.20 

485 

9.90 

627 

10.6 

78.9 

11.2 

98.2 

1  1.8 

II  90 

12    1 
1  I.  9 

IG99 

1  3   5 

1.30 

25  8 

8.21 

35  3 

867 

468 

952 

605 

10.2 

760 

10.8 

94.6 

11.4 

114  7 

163.7 

-     - 

1  3.  0 

1.20 

248 

7.88 

339 

852 

449 

9.15 

58 1 

9.78 

730 

10.3 

901 

10.9 

1  10.  2 

1  1.5 

1572 

12   5 

1.10 

23.7 

755 

32.5 

816 

430 

8.76 

55.6 

9  37 

69  9 

9  89 

871 

10.5 
10  0 

105.5 
100  6 

II.  0 
10.5 

1506 
1436 

1  1.  4 

1.00 
098 

226 
?24 

7,20 
Til  3 

31.0 
307 

7  78 

7.70 

41.0 
406 

8.35 

8.27 

52.5 

8,84 

66.0 

9-34 

82  2 

99  1 

99  6 

10  4 

1422 

1  1    3 

O  96 

22  2 

706 

30.3 

7  62 

402 

8.18 

520 

8.75 

65  3 

9  24 

8i  3 

9.8  1 

53  6 

10.3 

l-iu7 

_L^__ 

094 

21.9 

698 

30.0 

7.55 

398 

6.10 

51.4 

866 

64.T 

915 

80.5 

9.7  1 

97  6 

10.2 

139.3 

i  i   1 

032 

2L.7 

6.90 

29.7 

7.46 

39.3 

8.01 

509 

856 

63.9 

904 

796 

9  60 

965 
95  5 

10.  0 
9.9  3 

1377 
136.3 

1    1  0 

10.  8 

090 

0  8B 

21.5 
21.2 

6.83 
675 

29  4 
29  0 

738 

7.30 

38.9 
38  5 

7.93 
7.83 

498 

8.3  8 

62.5 

8.85 

77.9 

9.39 

94,4 

98  1 

134.7 

10   7_ 

066 

2L0 

667 

28.7 

7.21 

38  0 

774 

49.2 

8  28 

61-8 

8.74 

769 

928 

93.3 

9.7  0 

133.1 

10  6 

0.84 

2Q7 

660 

28.4 

T  13 

376 

7.66 

486 

8  19 

61  < 

8.G5 

761 

91  8 

92  3 

9  59 

131  7 
1 30  1 
12  8.4   1 

lOS„ 

10-3 
102 

082 

20.5 

652 

280 

705 

372 

757 

480 

609 

60.4 

854 

75.2 
74  2 

9.0  7 
895 

91.1 
699 

948 
935 

0  80 
078 

202 
200 

644 
636 

27.7 

27.3 

687 

362 

7.37 

46.0 

7.8  8 

58.9 

8.33 

73  3 

884 

ess 

924 

126  B 

1  0. 1 

0.76 
0.74 

19  7 

62  D 

27  0 

6.78 

35.B 

728 

46.2 

778 

58.1 

822 

72  4 

87  3 

88  7 

9.12 

125.2 

9.96 

19.5 

6.19 

26.6 

6.69 

35.3 

718 

45  6 

7.6  8 

573 

81  1 

71.4 

861 

865 

9.00 

1235 

982 
9  70 

0  72 

19  2 

6.1  > 

26.3 

6.60 

348 

709 

450 

7.58 

566 

8.01 

70.5 

8  50 

05.4  _ 

888 

i?l  9 

0  70 

18.9 

603 

259 

651 

34.3 

699 

44,4 

747 

55.8 

7  P9 

G95 

8  38 

84  z 

8  76 

120  2    i    9  56 

ots 

IB.  7 

594 

25.5 

642 

33.8 

6  89 

43.8 

1     7.37 

550 

77B 

68  5 

8  26 

830 

8  63 

1 185 

9  42 

0  66 

18.4 

5.85 

25.1 

6.32 

33.3 

678 

43.1 

725 

541 

7  66 

674 

8,13 

Bl    7 

6  4 'j 

1  IG.6 

3  27 

0  64 

18.1 

576 

24  8 

622 

328 

6.68 

42.4 

7.  14 

53.3 

7  54 

GG  4 

801 

80  5 

8.37 

114.9 

9    1  4 

0.62 

17.8 

567 

24.4 

6  12 

32.3 

6.57 

41.7 

7.03 

57.5 

7  42 

65.3 

788 

79  2 

8  23 

f    113.0 

1  8  99 

0.60 

17  5 

556 

24.0 

603 

31.8 

6  47 

41.1 

6.92 

51.7 

731 

643 

7.76 

76  0 

8  1  1 

1  1  1,3 

U  85 

1  a  70 

0.08 

172 

5.49 

23  6 

593 

31.2 

636 

40.4 

6.80 

508 

7  19 

63  3 

763 

76  7 

797 

1094 

0.56 

16,9 

5.38 

23.1 

5.62 

30.7 

6.25 

39  7 

6.68 

499 

705 

62  1 

7.4S 

75? 

782 

107.4 
105.5 

8.5  4 
0  39 
823 
B07 

054 

166 

5  29 

22.7 

572 

30  1 

6.14 

390 

656 

490 

]     693 

61.0 

7.36 

73  9 

769 

052 

163 

^. 

22  3 
2  1.9 

5.61 
5.50 

296 

29.0 

6.02 
5.90 

38  2 
37.5 

644 

6.31 

481 
471 

600 
0  67 

599 
58.7 

722 

708 

72.5 
71   1 

754 

740 

103  5 

101,5 

048 
046 

15  7 
15.4 

499 
468 

21.5 
210 

5,39 
527 

28.4 
278 

5.79 
566 

36  8 

360 

6.19 
6.05 

462 
45  2 

653 

6  39 

57  5 
56  3 

694 

679 

69.7  _ 
682 
G6  7 

723 
709 
698 

995 

974 

79  1 
7  74 

044 

150 

4.77 

205 

5.16 

27.2 

554 

352 

5.9  2 

442 

6  25 

55.0 

6  64 

0.42 
~~04  0 

14  6 
143 

■166 
45  5 

20  1 

19.6 
163 

504 
492 
4  61 

26  6 

541 

34.4 

5.79 

432 

6.11 

S3.8 

6  49_ 

652 
£3.6 

678 
6  61 

93  0 
90  0 

115  0 

re  7 
71  n 

h4  2 

7  40 
7  2  2 

f,  76 
t  2G 

5  10    ] 

25.9 

5.28 

33.5 

5  64 

42  1 

J.96 

52.5 

633 

035 

134 

4?f, 

24  3 

494 

314 

5.29 

395 

5.5G 

49.1 

5  93 

536 

1.  19 

OJO 

o.r.5 

12  4 
11.3 

395 

170 

4  26 

22  5 

458 

29  1 

489 

365 

5.1  7 

45  5 

'.49 

55  1 

50  J 
450 

1     571 
5  23 
41.8 

360 

15.5 

3  89 

205 

418 

265 

446 
3  99 

3J.3 

298 

471 
4  21 

41  5 
37  1 

501 
4,4  7 

0.20 

101 

D-5.2 


DISCHARGE      AND     VELOCITY 
FOR 
CIRCULAR     CONCRETE      PIPES 
54"  TO  96" 


MANNING    FORMULA 
I486  R^S  'VA 

Q=  n 


BOROUGH  OF  SCARBOROUGH 
WORKS    DEPARTMENT 
APRIL  1,1970 


D-5.3 


MANNING    FORMULA 
I.486R2/3S'/2A 


Q  = 


n 


486  -rfo-s  Vz 
n 


VELOCITY     AND     CAPACITY     CALCULATIONS 

CIRCULAR    CONCRETE     OR     VITRIFIED   SEWER   PIPES 

6"  TO  120"  FLOWING    FULL 

n  =  .013 


BOROUGH  OF  SCARBOROUGH 

WORKS    DEPARTMENT 

APRIL   1,1970 


TABLE    I 


Diam. 
Inch«» 

"A" 
Ar  ec 

ii  _n 

R 

M.H.D. 

R* 

1.486 -RZ/S  ■  A 
.013 

l.486-R2/s 
.013 

FOR    CAPACITY 

FOR   VELOCITY 

6 

.196 

.125 

.250 

5.60 

26.  57 

3 

.349 

.167 

.303 

12    12 

34.73 

9 

.442 

.187 

.327 

16.72 

37.  63 

10 

.545 

.208 

.35  i 

21     83 

40.06 

12 

.785 

.250 

.  397 

35.66 

45.  43 

15 

1  .227 

.312 

.46  1 

64.70 

52.  73 

18 

i  .767 

.375 

.520 

1  05  .1  0 

59.48 

21 

2  405 

.437 

.576 

158.30 

65.82 

ZC 

3.142 

.500 

.630 

226.20 

71.99 

27 

3. 976 

.562 

.681 

309.6  0 

77.79 

30 

4  S09 

G25 

.731 

4  10.10 

83.52 

33 

5  940 

.6  87 

.779 

530.4  0 

89.30 

se 

7.0  69 

.750 

.825 

6C6  .60 

34.30 

39 

8.290 

.321 

.  °  ?  r 

630    1  0 

100. 10 

42 

9  621 

12.566 

675 

.91  5 

1006- 00 

104.60 

48 

1  .000 

1  .000 

1436.00 

114.2 0 

54 
60 

15.904 
19.635" 

1  .125 

1     !    0 

1967.00 

123.70 

1.250 

1  .1  SO 

2604.00 

132.70 

66 

23.768 

i  .375 

1  .  2 

3: 

141  .30 

72 

28.274 

1  .500 

1.310 

4234 .00 
5242    00 

149.80 
158.00 

78 

84 

33.1  83 

i  3  '1  8  5 

1  625 

I    750 

1  .582 

1.452 

6388. 00 

166.00 

SO 

44.179 
2  66 

1.875 

1  .52  I    j 

9  0 

S6 

2  000 

9:  1900 

181.40 

,02 

56.7-35 
63.617 

2.I2S 

-22   00 

189. 90 

!C3 

2.250 

1.71  7 

12,486.00 

196.  30 

114 

70.882 

2.375 

1  .780 

14,422  .00 

.203.  50 

120 

78.540 

2,500 

I  .842 

16,537.00 

210.60 

TABLE    2 


% 

SLOPE 

S'/z 

% 

SLOPE 

s1'* 

% 

SLOPE 

s* 

% 
SLOPE 

s1'* 

% 
SLOPE 

s1'* 

250 

.5000 

2.95 

.1718 

1.45 

.  1204 

.79 

.  0889 

.49 

.0700 

20.0 

.  4472 

2.90 

.  170  3 

1  .40 

.1183 

.78 

.  0883 

.4  8 

.0693 

15.0 

.3873 

2.85 

.168  8 

1.35 

.1162 

.7  7 

.  0878 

4  7 

.0536 

14.0 

.3742 

2.80 

.  1673 

1.30 

.  1  140 

.76 

.  08  72 

.46 

.067  3 

13  .0 

.3606 

2.75 

.  1658 

1.25 

.1118 

.75 

.  0866 

.45 

.06  7  ! 

,2   C 

.3464 

2.70 

.  1643 

I   20 

.  1095 

.74 

.  oe60 

.44 

.0663 

II  .0 

.331  7 

265 

.  1628 

I.I  5 

.  107  2 

.7  3 

.  08  54 

.43 

.0656 

10.0 

.3162 

260 

.1612 

1.10 

.  1049 

.7  2 

08  49 

.42 

.0648 

9.0 

.3000 

2.55 

.  i  5  9  7 

1.0  5 

.10  2  5 

.7  1 

.  0843 

.4  1 

.  0640 

8.0 

.  2828 

2.50 

.158  1 

1.00 

.  (000 

.70 

.  0837 

.40 

.0632 

75 

.2739 

2  45 

.  1565 

.99 

.0995 

.69 

.0831 

.39 

.0625 

7  0 

.  2646 

2.40 

.  1549 

.98 

.  0990 

.68 

.  0825 

.38 

.0616 

6.5 

.  2550 

235 

.  1533 

.57 

.  0985 

.67 

.0819 

.37 

.0CC6 

6.0 

.2449 

2.30 

.15  17 

.96 

.  0980 

.66 

.0812 

.36 

. 0600  ' 

5.5 

.  2345 

2.25 

.  1500 

.95 

.097  5 

.65 

.  0506 

.35 

.05;  2 

5.0 

.  2236 

2.20 

.  1483 

94 

.  0970 

.64 

.  0800 

5  4 

.  o  5  a  3 

4.75 

.  2179 

2.15 

1466 

.93 

.  0964 

.63 

.  0794 

.33 

.057% 

4.50 

2  12  1 

2.10 

.  1449 

92 

.  0S59 

.62 

.  0787 

.32 

.05&5 

4.2  5 

.  2062 

2.05 

.  1432 

.9  1 

.  0954 

.6  1 

.  078  1 

.3  1 

.0557 

4.00 

.  2000 

2.00 

.1414 

.90 

.  0949 

,60 

.  0775 

30 

.0543 

3  90 

375 

1  .95 

.  1396 

3  9 

.  CS43 

.59 

.  0768 

.  0762 

2  9 

.  C I  i  9 

3.  SO 

.   1949 

1.90 

.  1378 

.88 

.  0938 

.58 

2£ 

.0529 

370 

.   1924 

!  .8  5 

1  5  60 

.37 

.  0933 

.57 

.  0755 

.27 

5  20 
0510 

3.60 

.   1397 

1  80 

.1342 

36 

.  0927 

.56 

o  7  ■-.  a 

?.  6 

3  50 

.  137  1 

1.75 

.  13  23 

.85 

.  0922 

.55 

.  07 

24 

0500 

3.40 

3  30 

.  1844 

1.70 

1.65 

.  1304 

.84 

.  09 

.54 

.C4S0 

.  1817 

.12  8  5 

.83 

.0911 

.53 

.  07 

.25    j  .0" 

3.20 

.  1789 

i  60 

.  1265 

.82 

.  0906 

.52 

.  072  1 

, Z2    ]     ^ •-*  _  ^ 

3.10 

.   176  1 

1.55 

.124  5 

.8  I 

.  0900 

.5  1 

.  0714 

.2  1       .0453 

3.00 

.   1732 

1.50 

.1225 

.80 

.  0S94 

■    ■  -    -i   -      . 

.50 

.  0707 

.20    ]     0447 
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-    167    - 
DISCHARGF.     AND     VELOCITY 
FOR 
CIRCULAR     ASBESTOS    CEMENT    PIPES 

10"  TO  24" 
MANNING    FORMULA  BOROUGH  OF  SCAR  BOROUGH 

■  4Rfi.RVsl"-A  W0RKS     APARTMENT 

1486  Rn     S       A  APRIL  1,1970 


1.466- R^-S  '* 


Q  = 


D-5.5 


MANNING    FORMULA 
1.486- R^-S  ''«-A 


Q  = 


n 


-    168   - 

DISCHARGE     AND     VELOCITY 
FOR 
CIRCULAR    CORRUGATED    METAL    PIPES 

12  "  TO  48" 

BOROUGH  OF  SCARBOROUGH 
WORKS     DEPARTMENT 
APRIL  I,  1970 


1    .. 

R^- 

n 

S'/2 

"n"    -  .024 

to—- 

r* 

% 

GRADE 

12" 

15" 

18" 

24" 

30" 

3G" 

42" 

48" 

Q 

V 

0 

V 

Q 

V 

Q 

V 

Q 

V 

Q 

V 

Q 

V 

Q 

V 

6.00 

4.73 

G.03 

8   58 

6.  99 

13.93 
12.72 

7    89 
7.20 
6.44 

vj  ix 

9    53 

54.40 

11.10 

6840 

1  1  40 

10.20 
- 
9  54 

133.!  0 
121.9  0 

moo 

102.00 

1/4  00 

180 

soo 

4.32 

5    50 

7   83 

6.  38 

2  7   40 

8,70 

49.70 

10    10 

80,70 

4;00 
3.50 

3    66 

4   92 

7   01 

5.71 

I  1.38 

24    ■  C 

7    78 

44.40 

9.05 

1  1   3C 

3  V  0  " 

3.61 

3   35 

4.60 

6.56 

5.34 

[0.65 

6.02 

22   90 

7.28 

41.60 

8  47 

67  60 

3.00 

4    27 

6.07 

4.94 

9.86 

5.58 
5.09 

2  1     20 

6.74 

38.50 

7  84 

62  50 

B  „  .. 

94  4  0 

134  70 

2.50 
2.00 

3   05 
2.  73 

3.89 
3.46 

5.54 
4  95 

4.5  t 

4     04 

9    CO 

19    40 

6,15 

35  10 

7.15 
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Values  of  'n' 

Selection  of  the  proper  value  of  the  coefficient  of  friction 
•n*  to  be  used  in  the  hydraulic  computations  for  sewers  is 
most  important,   A  great  deal  of  study  has  been  done  in  recent 
years  on  the  value  of  'n1.   Among  those  who  have  carried  out 
such  studies  is  Richard  D,  Pomeroy  who  presented  a  paper  on 
the  subject  at  the  38th  Annual  Conference  of  the  Water  Pollution 
Control  Federation  in  Atlantic  City  in  October  1965,   Dr, 
Pomeroy  concluded  that  the  asbestos  cement  sewers  tested  showed 
better  coefficients  than  the  vitrified  clay  sewers;   the 
concrete  sewers  were  poorer.   He  also  concluded  that  poor 
construction,  including  irregularities  of  slope  is  often  a 
cause  of  poor  overall  coefficients,   The  average  values  found 
from  his  test  were  0.0122  for  asbestos  cement,  0„0136  for 
vitrified  clay  and  0.0165  for  concrete.   However, two  of  the 
concrete  lines  tested  were  abnormally  fouled  with  gravel  or 
sand  and  if  these  lines  are  discarded  the  average  value  of  *n' 
for  concrete  pipe  was  0  0156   He  did  war n, however, that  caution 
should  be  used  before  drawing  conclusions  about  concrete  pipe 
in  general , 
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The  Ontario  Concrete  Pipe  Association  has  been  quite  active 
in  the  past  couple  of  years  in  promoting  a  lower  value  for 
•n"  than  that  previously  used  for  concrete  pipe,   "Design 
Data  14"  published  by  the  American  Concrete  Pipe  Association 
deals  quite  extensively  with  the  Manning  »n'  values  and  the 
History  of  Research: 

Again  the  key  seems  to  be  the  type  of  joint  used    Tests  were 
made  on  pipes  installed  in  two  ways  (1)  with  the  pipe  laid 
comparable  to  normal  construction  practice  closely  simulating 
field  measurements  of  joint  irregularities  and  (2)  with  pipe 
laid  with  extreme  care  to  eliminate,  as  far  as  possible,  all 
flow  interference  at  the  joints.   The  first  condition  was 
referred  to  as  "average"  joints  and  the  second  as  "good" 
joints.   Numerical  values  found  from  the  testing  of  36-inch 
and  24-inch  tamped  pipe  with  average  joints  were  0,0111  and 
0.0110  respectively. 

The  O.C.P.A.  issued  a  Bulletin   in  April  1971  wherein  they 
report  the  results  of  a  Survey  of  Ontario  Municipalities 
relating  to  their  design  practice  for  sanitary  and  storm  sewers 
This  Bulletin  is  reprinted  on  Pages  17  to  25  inclusive. 
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You  may  draw  your  own  conclusions  from  this  survey.   The 
values  of  'n'  as  recommended  by  W.P.C.F  for  those  type 
of  pipe  material  we  most  commonly  use  for  sewers  are, 

Asbestos  Cement  Pipes  *n'  ■   0.011  -  0.015 

Concrete  Pipe  'n«  -   0,011  -  0,015 

Corrugated  Metal  Pipe 

(%  x  2  2/3  in.  corrugations) 

Plain 

Paved  InveTt 

Spun  asphalt  lined 

Vitrified  Clay  Pipe 

It  is  also  important  to  note  that  W. P.C.F,  conclude  that  the 
value  of  'n'  does  not  depend  on  the  size  of  the  pipe, 


»nl  = 

0  022 

-  0,026 

•n'  - 

0018 

-  0.022 

»n'  - 

0.011 

-  0.015 

'n'  ■ 

0.011 

-  0,015 
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April  19,  1971 


The  Ontario  Concrete  Pipe  Association  Technical 
Committee  has  just  completed  on  Survey  of  Ontario 
Municipalities  relating  to  their  design  practice 
for  Sanitary  and  Storm  Sewers, 

It  was  found  that  Mannings  "n"  value?  ranged  from 
.010  to  .015  with  .013  being  moot  commonly  used  for 
smooth  wall  pipe.   I  would  remind  you  that  .013  is 
used  by  the  Ontario  V.'ater  kqcourees  Commission 
Sanitary  Engineering  Division. 

As  you  know,  the  Concrete  Pipe  Industry  in  Ontario 
has  made  significant  improvements  in  their  production 
techniques  resulting  in  a  high  quality  product 
designed  to  the  tolerances  for  gasket  joints. 

In  view  of  these  observations  and  the  desirability 
of  adopting  a  province  wide  standard,  it  is  the 
recommendation  of  the  Ontario  Concrete  Pipe  Association 
that  a  Mannings  "n"  value  of  .013  be  used  throughout 
Ontario  for  all  sizes  of  smooth  wall  pipe  for  Sanitary 
Sewers. 


LjSLx^aJ 


W.J.Laari,  P.En/r. 
Director  of  Engineering 
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Hydraulic  -  elements  graph 

This  graph  as  illustrated  in  Figure  24  on  Page  27,  is  a  most 
useful  tool  for  calculating  velocities  and  discharges  for 
sewers  flowing  partially  full   As  can  be  seen  on  the  graph 
there  are  curves  for  'n'  and  *f*  which  are  •arable  with 
depth  and  'n«  and  •£'  constant   In  the  paper  referred  to  on 
Page  14  Richard  Pomeroy  concluded  chat  velocities  in  partly 
filled  pipes  do  not  conform  to  the  traditional  equations  thus 
the  'ns,  'f  variable  w^th  depth  curve, 

W.P,C.F,.  caution  that  until  more  information  and  better 
analysis  are  available  the  decision  to  use  a  constant  or 
variable  *n'  must  be  left  with  the  individual  engineer, 

I  would  like  to  go  through  an  example  illustrating  how  to 
use  the  hydraulics -element  graph 

Given    24  inch  diameter  sewer  laid  at  a  grade  of  0  20 

percent,   Find  the  velocity  if  the  design  flow  is 
7„-  c.f,s.      Assume  Manning's  'n'  •  0.013. 

Solution   From  Chart  on  Page  8  Qf  -  10.1  ci.s, 
Vf  *  3.22  f.-p.*.    *  .  S-  "     0j69 
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From  Hydraulic-elements  graph    on  Page  27 

a)     for  'n*  constant        V    =    1.09 

W 


V  *    1.09  x  3.22  =  3. SI  f.p.s 
b)     for  'n'  variable        V   =    0  94 

V  -    0.94  x  3.22  -  3.02  f.p.s, 

When  designing  sewers  at  flat  grades  with  velocities  at 
or  near  the  minimum  desired, care  should  be  taken  to  check 
the  actual  velocity  for  low  flow  conditions.   Low  flow 
could  occur  during  "non  peak"  hours  or  when  the  first  few 
connections  of  an  overall  system  are  made.   With  a  variable 
'n'  even  worse  conditions  could  be  evident, 

Minimum  and  Maximum  Velocities 
Minimum  Velocities 


The  minimum  desired  velocity  as  common  to  most  municipalities 
in  Ontario  is  2.S  f.p.s.  when  flowing  full.   However , sometimes 
it  is  necessary  to  design  sewers  at  very  flat  grades  and  an 
acceptable  minimum  of  2,0  f.p.s.  is  used.   W.P.C.F.  prove 
that  a  velocity  of  2.0  f.p.s.  will  transport  organic  particles 
15.0  mm  in  diameter  with  a  specific  gravity  of  1-01  and 
organic  particles  0.74  mm  in  diameter  with  a  specific  gravity 
of  1.2   Sand  0.09  mm  with  a  specific  gravity  of  2.6S  will 
be  transported  effectively  at  2  0  f.p.s. 
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Richard  Pomeroy  in  his  paper  concludes  that  a  velocity  of 

1.6  to  2,0  f.p  s,  is  needed  to  avoid  excessive  accumulations  of 

debris  ■ 

In  the  design  of  sanitary  seweis  the  velocity  adequate  for 
self  cleansing  should  be  obtained  at  the  average  or  at 
least  at  the  maximum  flow  at  the  beginning  of  the  design 
period  when  the  first  connections  have  been  installed. 
The  sewer  must  also  be  adequately  sized  for  the  maximum 
flow  at  the  end  of  the  design  period  when  all  connections 
are  made  and  design  population  reached. 

Figure  25  on  Page  30  illustrates  the  relationship  between 
depth  of  flow  and  self  cleansing  velocities  for  circular 
sewers.   No  change  in  slope  is  required  when  the  sewer  flows 
more  than  half  full.   The  slope  would  have  to  be  doubled 
when  depth  of  flow  approaches  1/5  full  and  quadrupled  when 
depth  of  flow  reaches  1/10  full. 

For  storm  sewers  that  sometimes  are  dry  it  is  not  possible 
to  have  scouring  velocities  at  low  flow.   Self  cleansing 
velocities  should  be  attained  for  moderate  storms. 
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Maximum  Velocities 

Maximum  velocities  in  sewers  may  be  important  because  of 
the  possibilities  of  excessive  erosion  on  sewer  inverts  and 
because  the  liquid  or  sewage  may   "pile  up"  at  the  bottom 
end  of  a  high  velocity  section  of  sewer  due  to  a  sudden 
reduction  in  velocity. 

Maximum  design  velocities  for  clear  liquid  in  concrete  and 
vitrified  clay  pipe  can  be  very  high.   Evidence  is  available 
that  velocities  in  excess  of  40  f.p.s.  have  been  harmless 
to  sntooth,  dense  concrete  and  vitrified  clay  surfaces. 
Considerable  erosion  may  be  caused  by  gritty  particles  at 
much  lower  velocities.   Care  should  be  taken  to  reduce  the 
velocity  at  the  lower  end  of  steep  sections  and  at  storm 
sewer  outlets  to  prevent  soil  erosion. 

A  number  of  municipalities  in  Southern  Ontario  set  a  limiting 
velocity  of  10  f.p.s.  on  sanitary  sewers  and  IS  f.p.s.  on 
storm  sewers.   Values  of  12  to  15  f.p.s.  for  sanitary  sewers 
and  20  to  22  f.p.s.  for  storm  sewers  could  quite  safely  be 
used. 
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Factors  to  be  Considered  in  the  Design  of  Culverts 

The  discharge  capacity  of  culverts  is  controlled  by  inlet 

or  outlet  conditions. 


Inlet  Control 

In  inlet  control  design  the  control  section  is  located  at 
or  near  the  culvert  entrance  and  for  any  given  size  and 
shape  of  culvert  the  discharge  is  dependent  only  on  the 
inlet  geometry  and  headwater  depth.   With  inlet  control 
the  culvert  flows  part  full.   Slope,  length  and  roughness 
coefficient  do  not  affect  the  capacity  of  culverts  governed 
by  inlet  control. 

Outlet 'Control 

In  outlet  control  design  the  control  section  is  located  at 

or  near  the  culvert  outlet   The  discharge  in  this  case  is 

dependent  on  the  shape,  slope,  length,  roughness  coefficient, 

tailwater  depth,  headwater  depth  and  inlet  geometry.   Culverts 

operating  under  outlet  control  can  flow  either  full  or  partially 

full. 

Examples  of  relative  headwater  depths  for  various  types  of 
culverts  are  shown  on  the  accompanying  diagrams  on  Page  33. 
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CONTROL  OF  CULVERT  FLOW 

The  point  of  conliol  is  located  cither  at  the  inlcl  or  the  outlet.  With  inlet 
control,  the  culvert  flows  part  full. 


* 

i !  3 


with  Inlet  Control 


gggjg  mj  i(i*  "»i>mt  j  *■  ■  i  ggMteMttSMMMi  I 


m 
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Corrugated  pipe  with  projecting  entrance 
Corrugated  pipe  with  headwall 
Smooth-wall  pipe  with  projecting  entrance 
Smooth-wall  pipe  with  headwall 


With  outlet  control,  the  culvert  usually  flows  full. 


Relative  Headwater  Depths* 


Corrugated  pipe  with  projecting  entrance 
Smooth-wall  pipe  with  projecting  entrance 

The  reduced  friction  effect  of  smooth-wail  pipe  permits  culvert 
flow  al  less  headwater  depth  than  for  on  equal  size  of  corru- 
goted-wall  pipe. 

Friction  (odors  as  reported  by  the  University  of  Minnesota:'  * 
Concrete  pipe,  n       0.010 
Corrugated  pipe,  n       0.025 
Friction  is  particularly  important  in  long  culverts.  With  modern 
highway  design  practices,  most  culverts  can  be  considered  as 
long  culvcits. 


■M 


Concrete  pipe  will  olways  carry  more  woter  at  the  same  headwater  depths  than  corrugated  metal  pipe  of  the  same  siie. 

Comparison  of  mlvert  design  should  be  made  on  the  basis  of  hydroulic  equivalency.  To  carry  the  same  flow  at  comparable  head- 
writer  depths,  corrugated  metal  pipe  must  be  at  least  one  size,  often  two  sizes,  larger. 
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Circulars  Nos,  5  and  10  by  the  U.S,  Bureau  of  Public  Roads 
are  most  commonly  used  in  culvert  design. 

Care  must  be  exercised  by  the  Engineer  in  the  design  of 
inlet  and  outlet  ends  of  culverts  to  prevent  failure.   A 
few  recommended  end  treatments  by  the  U.  S.  Bureau  of  Public 
Roads  are  included  on  Pages  35   to  38  inclusive.   It  is 
also  very  important  to  reduce  the  flow  velocity  at  the  ends 
of  culverts  as  they  are  normally  higher  than  the  natural 
channel  can  accommodate  resulting  in  erosion. 
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Hydraulics  of  Sewer  Junctions 

A  junction  is  said  to  occur  when  one  or  more  branch  sewers 
enter  a  main  sewer.   Manho±es  are  the  most  common  form  of 
junctions , 

The  Borough  of  Scarborough  has  done  considerable  work  in 
this  area  of  sewer  design.   In  1969  they  arranged  for  the 
University  of  Toronto  to  undertake  research  in  the  hydraulics 
of  sewer  junctions. 

The  results  of  this  work  can  be  found  in  the  University  of 
Toronto  Library  in  a  report  entitled  Hydraulics  of  Sewer 
Junctions  by  P,  A,  B -  Gharghoun   What  they  did  was  build 
an  exact  duplicate  m  model  form  of  a  sewer  manhole  that 
existed  in  the  Borough  of  Scarborough*   This  particular  manhole 
had  been  chosen  as  investigations  had  revealed  that  while 
water  was  backing  up  in  the  storm  sewer  junction  manhole  the 
downstream  sewer  was  not  flowing  full- 
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The  conclusions  of  the  report  state  1)  "whenever  possible,  a  model 
study  should  be  carried  out  prior  to  the  construction  of  a 
manhole  junction,  especially  when  the  sewer  pipes  carry  large 
flow  rates",    2]   "the  occurence  of  manholes  in  which  main 
and  lateral  flows  are  of  some  magnitude  should  be  avoided", 
3)   "the  angles  of  intersection  should  be  as  small  as  possible", 
4]   "when  large  angles  are  necessitated  by  local  requirements 
it  may  be  advisable  to  effect  the  major  change  in  direction 
outside  the  chamber  i.e.  in  the  channel  portion  of  the  in- 
coming flow,  but  to  strive  for  gentle,  well  streamlined, 
junctions  in  the  box  itseif." 

Professor  H.  J,  Leutheusser,  P  Eng .  of  the  University  of 
Toronto  states  "the  height  of  benching  bears  watching  in  the 
construction  of  manholes"   and  "indiscriminate  improvements 
of  design  details  which  aie  not  guided  by  consideration  of 
the  hydraulic  performance  of  the  structure  as  a  whole  may 
actually  prove  more  harmful  than  no  changes  at  all." 

As  a  result  of  these  studies  the  Borough  of  Scarborough  have 
issued  guidelines,  design  criteria  and  standard  forms  for 
hydraulic  calculations  for  junction  and  transition  manholes. 
This  data  is  reprinted  on  Pages  41   to  45  for  your  information. 
An  example  calculation  on  Page  46  follows: 
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December  30,  190*1 

guidixincs  for  prrnHNiNATioN  or  spacing  or 

MANHOLES   FOR   SIlWf.R  DI'.STGN    IN   THE 

noKQUGii  or  scarhokough 

Manholes  are  an  essential  element  of  any  sewer  system  and 
generally  are  used  to  serve  the  following  purposes :- 

(1)  access  to  sewers  for  inspection  and  maintenance, 

(2)  for  most  junctions  with  lateral  sewers, 

(3)  for  grade  or  alignment  changes, 

(■J)  for  accommodating  changes  in  pipe  sizes. 

With  due  consideration  for  the  foregoing  factors,  the  attached 
information  has  been  prepared  by  a  Committee  represented  by  the  Sewer 
Maintenance,  Design,  Construction,  and  Subdivision  Control  Sections, 
in  an  effort  to  set  Guidelines  for  use  in  everyday  sewer  design  in 

Scarborough. 

It  is  a  commonly  accepted  fact  that  manholes  are  costly  and 
reduce  the  overall  hydraulic  efficiency  of  a  sewer  system.   Therefore, 
in  the  preparation  of  these  guidelines,  attempts  have  been  made  to 
minimize  the  number  of  manholes.   Particular  emphasis  has  been  given 
to  reducing  the  number  of  junction  manholes  in  storm  sewers  through 
the  use  of  prefabricated  Y  fittings  in  storm  sewers. 

The  information  shown  is  intended  for  use  on  sewers  in  separate 
trenches  as  well  as  for  sewers  in  the  same  trench. 

It  should  be  stressed  that  the  information  is  to  be  used  as  a 
sideline  only,  and  minor  deviations  will  be  allowed,  provided  they 
are  approved  by  the  Commissioner  of  Works. 
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SANITARY  SI'WLKS:         This  information  applies  to  all  Klaus 
used  in  Borough  sanitary  sewer  design  (10"  -  27"). 

(a)  Desirable  manhole  spacing  300  ft . 

Maximum  allowable  spacing  400  ft . 

(b)  Manholes  should  be  used  at  all  junctions,  changes  in 
horizontal  alignment,  changes  in  grade,  and  changes 
in  pipe  size. 


STORM  SEWERS 


(a)  Diameter 


12"  to  30"  incl. 

33"  to  48"  incl. 

54"  to  7  2"  incl. 
Over  72" 


Desirable 
Spa  cing 

300 
400 

bOO 
7  00 


Maximum  Allowable 
Spacing 

4  00 
500 
700, 
800 


(b)  Manholes  should  be  used  at  all  changes  in  horizontal 
alignment  in  the  12"  to  27"  dia.  range. 

(c)  Manholes  should  be  used  at  all  changes  in  grade;  except 
for  special  designs  involving  use  of  elbows.  , 

(d)  Manholes  should  be  used  at  all  changes  in  pipe  sizes; 
except  for  special  designs  in  large  size  pipe. 

(e)  The  use  of  prefabricated  Y  fittings  is  recommended  for 
junctions  in  storm  sewers  under  the  following  conditions 


■»      Pi  pe  T 


(1)    Pipe    "T"   MUST   be    24"    in   diameter 
or  larger. 

(If  pipe    "T"    is   less   than    2 'I"   dia. 
a   manhole   is   required    for  the 
junction) . 


(2)    Diameter   of 
Pipe    "L" 


Max. distance    from 
point    of  junction 
to   1st   M/M   upstro; 
on  Pipe    "L" 


Less    than   30"dia . 
30"   to   S4"  dia. incl, 
Larger  than  54" 


50    ft 

MOO    ft 
t)00    ft 
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HYDRAULIC    CALCULATIONS 
FOR   J  U N C T 1  PJlA^.aJlBMSiXiaii  MANHOLES 


CRJTr.KIA   AND    HAS  IS    01"    HI'.S  jjjjj 


_fil£R£Y__GRADE    L||Vr 


^I£R_?URFACF    OR 
HYD 


K  =  0.2  for  decreasing  velocity 
change 

ASSliMPTIPN 

Manhole  length  is  relatively  short  so  that  hf  can  effectively 
be  taken  to  be  the  actual  drop  in  inverts  at  the  extremes  of  the  manhole 

Each  incoming  pipe  .-hall  be  analyzed  .separately  together  with 
the  outgoing  pipe. 


KUJT.RJ'.NCi; 


Employ  Standard  Drawing  D-7S  for  %   depth  of  flow  and  53  velocity. 


Ncrrr. 


Tbe   designer  should,   wherever   pus-jble,    restrict   the   change    in 
veloeily   to  not    more    than   2.U    f.p.s.      In   special   cases,    consideration    kIhwUI 


be  given    to   bellimuilh  entrances 


-    200   - 


Il-S 


hydhaulh:  CALCULATIONS 

for  Jiuu'tiuj)  and  TiMnsitiun  Manholes 


Locution  Manhole  Nu. 
Al    


Designed   by: 
Checked    by: 
Date:    


Date 


^2 

-« J 

PIPE    NO 

OIAM. 
INCHES 

6BAOE 
% 

CAPACITY 
Oe.p     UFSI 

l.i       (LOW 

Ooci    it r si 

1 

e 

3 

^4 

4 

Pipe  Ho.    1        Qjcap 


Ql«pt 


%< 


v  cap 
From  D-7S   read  Depth  of  Flow  ■  X 

V^cap  = from  above   depth  of  flow  and   D-7S   read  ratio  of  Vjact/V^cap 

.•.Vjaet   -  V^cap  x  % 


~1W 


Tuir 


HX  "  pipe  diameter     x  %  depth  +  JViect)      = 


(feet) 


g 


Pipe  No.    2 

Q,  cap  ■                       Ckact  ■                              Q?act  ■ 

2                       ■             <-■■■■                  Q^eau 

From  D-75   read  Depth  of  Flow  -                                         % 

Vjcap  c                        from  above  depth  of  flow  and   D-75   read   ratio  of  V^act/V^eap    ■ 

.' V-.aet   ■  V,cap  x                   *  -                              x 

100                                                         1D0 
H,  -  pipe  diameter  x  %  depth  +    (V?act)2"=                      x    '                    + 

(feet)                                         5g 

Pipe  No.    3 

Q^cap  ■            .         Q^act  ■                      Q,act  - 

Q3cap 

From  D-7S  read  Depth  of  Flow  -  % 

Vjcap  ■ from  above  depth  of  flow  and  D-75  read  ratio  of  VjactAjcap 

.'.Vjact  ■  Vacap  x X  ■ 

100 


100 


H3  "  piPe   diameter  x  %  depth  *    £/3act) 
(feet)  2g 


Pipe   No.    it        Qj^cap 


Ql,  act  =__ 


C*t*et 

~<4,cap 


From   D~7S   read  Depth  of  Flow  = % 

VLcap  ■ from   ahove    depth  of  flow  and  Li-75   read   ratio  of  v^act/v^cap   ■ 

.■.V4act  •  Vijeap  x %  »__ x - 

100  100 

Hu  -  pipe  diameter  x  ft  depth  +f^[,act)2  « x + -  

(feet)  2g 


I1LAD  LOSS          hf.  -  KfVi ,  -  Vy)      for  pipes   1   and  2 
2g 
Select   K  ■   0.1   or  0.2   as   above 
For  pipes   1   and   2  h     *=  , 


For  pipes   1   and   3  he 

For  pipes   1   and  t  hE 


.for  pipes   1  and  2   hj   -    (H]_    -   H2)   ♦  he 


for  pipes   1   and  3   hj 


'    drop 

'    drop 


for  pipes  1  and  'I  hj   ■ - + ■ '    drop 

SlrrlAKY  Take  wBtiawn  condition   c.f  the   above   tlirco   cases   asTlie  governing   I  actor  which  s.ets 

thn   required  Maxiirtwi  drop  tliroiiKh  the  manhole. 
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IIVIIKAUMC   lAU'l'I.ATlONS 
tor  Jiuicttuji    mid  Transition  Manholes 


Locution  Manhole  No. 
At    


DeS  i  j-.lir  J    by; 
Checked   by: 
Date:    , 


Date 


^* 

PIPC    NO 

0l»M 
INCHCS 

lliW 

Oni  ter  s  I 

-. J 

1 

SO 

0.80 

30.70 
6,47. 

i 

15 

1.00 

3 

24 

1  .00 

7  7  .  ft  fl 

\4 

A 

15 

i  .nn 

0.47     ■ 

r»P     flow 
0«ei     icrs 

sY.Iio 

6— au 

._2u.-atL 

__fjL__011 


pipe  m>.  l 


pipe  wo.  z 


Qic.ip  -     36.7     Qi-ict  -    3  2.0      Vet  -     Q  .87 

rrtn  H-7S    read   Hrplh  of   Flow  -  7  3  X 

ViCiip  -       7.47    I  rum   above   depth   of   I'luw  and   D-7S   read   ratio  of  V,  act  /V.  <".i|J      "         I  1  3  ">• 

.-.v.iici  -  v.c.ip  x  1 1  5  :c  -7.47  *  ]  I  3    -  8  .  4  5 
~~ lt«r      — ' —       loir 

1IX  -  pipe  diameter     x  %  depth  +  _fV,act)2   -2.50     x.73     »  8  .  4  5  *"  ■      2.93* 

(feet)  is  64.4 

Q  cap  -6.47         Q?nct  -       6.00  Q^ct  ■    0.93  f 

(J*  cap 

From  D-7S   reiid  Depth  of  Flow  ■      ■  78  % 

Vjcap  "5.27        f  vow  above   depth  oT   flow   ,uul   D-7S    read   ratio  of  Vjaet/V^rap    -  I  J  5  -  j 

.•.v2act  -  v?cap  x  1 1  5     ;;  ■  5.27         y  US  -    6-0  5 


100 


LOU 


Hz  -  pipe   diameter  x  %  depth   +    (Vjact)2-   1  .  2  5        *     ,  7  8  +   6.05 

(feet)  5g  64.4 


Pipe  No.    3 


_Q,WP   -  22.60    Q^et   -20.00     Q.act    ■     fl      RS 

Qjcap 

from   D-7S    road   Depth  of  flow  ■=  73  ?' 

V«C*p  -       7.70     tiun>  above   depth  of   lluw  .uul  D-7S    i-cad   ratio  of  Vjai.tA'jC.ip    *  1.13 

.MV-u-t  -  v,i-.,p  xjll3_:;  •     7.20  x_Lll3_-_8_^14_  , 

100 
[pe  diameter  x  ■>  depth  +  ^Vj.n-l 
(feet)  "2k  64.4 


100  1O0  2         t 

II  j  -  pipe  diameter  x  ,,  depth  +  gjaut)'  ■  2  -  00     x   .  7  ^     .*  8  ■  14  ■   2  .  4  j) .  _  . 


Pipe  Mi       U 


<i,cap  -       6.47    ^aet  -„6-_QjQ__<Mct  ■   0-93 

Q(eap 

Ti-om   D-7S   read   Depth  of   Flow  - 78 \< 

V,  cap  J      5.2  7l rmn   above   depth   of    tlow  and   D-7S   re, id   rutin   of  V1(.ielA'i,e.ip   ■ , 

.wv.ci  -  vMcaP  x_lL5;,  ■    5.  27»_n  5  -.._uQ_5 — 


100 


100 


h\,   -  pipe   diameter  x  fi  depth  +^'„aet)2  -      1.25      x     .78*6.05      .   °  .2.  .  5  S 
(feet)  2«  64.4 


HIIAH    UtSS 


hp   -   KfVj'-^jj       for  pipes    1   md  2 
ft 

Sclcei    K  -   0.1    or   0.2    as    above 
1'or  pi |ies   L  and  2         h     -  0  .  1 


For  pipes   1  and  J         h„  -         0  .  1 
For  pipes   1   and  *i         Ue  - 


2  2 

(    6.05      -  8_4_S )  --Q.05 

64.4         7 

t*    142      -8.45^    )  -JLJU.L 

64.4  , 

( - )  ---O^-S 


Sirr-iAKV 


.for  pipes   1   ,nid  I  Kj   -    (Hi    -   111)    •  h 


hi 


2.93     .      1 .55      •      0.0 


5_-_l .4.3 '  • •' 


for  pipe*   1   and  3   h|   ._j.p3    '■      2.49     «     0....Q1.  ■_JB..A5. !'    ','",, 

lor  pipe*    I    and  »t  )l(   «        2,93     .       1  _._5  5      ♦      0.05     -      }  ,43         .'    iii»|. 
T.ike  hi.iii.miu   ,..n, lit  inn   e-r    lli.-    .il...v."-    flint-    .  ".i;..-C   a-    ll»"    I'.-'vi-in  iii,'    l.i.  I  >•<■   wl.i.li    -rt-. 


the   ii'tiititi'i1  hi  i>  t  mill  drop   iliiiin",h   Hu nlmlr. 
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If  invert  of  pipe  2     «  100.75 

pipe  3     =  100.00 

pipe  4     =  100.75 

.  .   required  invert  for  pipe  1  is 

(100.75  -  1.43)   or  (100.00  -  0.45)   or  (100.75  -  1.43) 

=  99.32  or  99.55  or  99.32   ■  99.32  which  is  the  lowest 
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Hydrogen  Sulphide  Generation  and  Related  Problems 
Certain  specialized  problems  sometimes  arise  relative  to 
sewer  design.   Our  firm  is  involved  in  work  internationally 
and  has  designed  and  supervised  construction  of  sewers  and 
treatment  works  in  the  Caribbean  and  the  Middle  East. 

In  hot  climates,  investigations  must  be  made  into  the 
probability  of  hydrogen  sulphide  generation  in  the  sewer 
system  and  steps  that  can  be  taken  to  minimize  problems. 
On  a  recent  sewer  project  in  Jamaica  despite  high  ambient 
temperatures,  it  was  possible  to  minimize  this  problem 
in  design  of  the  system, since  the  topography  permitted 
reasonable  grades  (and  velocities)  and  the  overall  time 
of  concentiation  was  below  a  critical  level. 

In  the  preparation  of  Sanitary  Drainage  Master  Plans  and 
subsequent  sewer  designs  for  the  Cities  oi  Riyadh  and  Medinah 
in  Saudi  Arabia  we  had  to  contend  with  the  likely  generation 
of  undesirable  hydrogen  sulphide  gas  within  the  sewer  system. 
Local  conditions  contributing  to  the  generation  of  this  gas 
and  its  release  are, high  sewage  temperatures  due  to  the  climate, 
sluggish  and  stagnant  flow  conditions  due  to  flat  topography 
and  low  flows  during  the  initial  life  of  the  system. 
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Other  conditions  aggravating  the  situation  include  high 
sewage  strengths,  high  sulphates  in  sewage  and  industrial 
waste,  localized  turbulent  flow  conditions  that  may  be 
expected  in  manholes,  and  long  flow  times  for  the  sewage 
in  the  system  before  treatment. 

Hydrogen  sulphide  is  an  indicator  of  septicity  in  sewage 
and  its  emission  should  be  avoided  for  several  reasons. 

The  gas  in  combination  with  moisture  forms  sulphuric 

acid  which  attacks  structures  containing  Portland 

cement  as  well  as  many  metals. 

The  gas  is  toxic  and  can  be  dangerous  to  workers  in 

sewers  and  manholes. 

The  gas  attacks  paint  on  sewer  structures  and  on 

neighbouring  buildings. 

The  odour  of  the  gas  is  unpleasant  and  emerging  from 

manholes  can  be  a  nuisance. 
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Nuisance  conditions  and  damage  to  structure  resulting  from 
hydrogen  sulphide  can  be  reduced  to  a  minimum  by  using  sound 
design  practices.   Reasonable  flow  velocities  with  partially 
filled  sewers  will  help  to  provide  adequate  and  continuous 
ventilation  by  drawing  air  into  the  system  and  thereby  pre- 
venting the  release  of  gas,   Non-perforated  manhole  covers 
will  assist  in  containing  gas  within  the  system. 

Where  ventilation  is  inadequate  due  to  low  flow  velocities 
the  accumulated  gas  should  be  released  above,  rather  than  at 
street  level.   All  house  and  building  connections  should, 
therefore,  be  adequately  vented  to  the  atmosphere  at  roof 
level.   In  addition,  adequate  gas  traps  should  be  provided  in 
the  internal  sanitary  plumbing  of  all  buildings  to  prevent 
the  release  of  gas  within. 
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Location  of  Sewers 

For  the  most  part  trunk  and  main  sewers  are  located  in  valleys. 
In  design  of  sewer  systems  it  is  important  to  consider  future 
needs.   Any  sewer  system  or  part  thereof  should  be  designed  to 
take  care  of  its  present  tributary  area  and  still  be  compatible 
with  the  overall  plan  to  serve  the  entire  drainage  area.   Con- 
sideration should  normally  be  given  to  building  a  future  trunk 
sewer  adjacent. 

In  most  instances  local  sanitary  sewers  are  located  at  or  near 
the  centreline  of  roads.   Sometimes  in  built  up  areas  it  may 
be  more  economical  to  locate  the  sanitary  sewer  in  a  back  of 
lot  easement,  or  in  a  street  boulevard. 

Storm  sewers  are  generally  located  within  the  roadway  since 
their  prime  function  is  to  receive  roadway  drainage  and  other 
surface  flows  via  catchbasins  or  other  storm  water  inlets, 

Due  consideration  should  be  given  to  constructing  sanitary  and 
storm  sewers  in  a  common  trench  as  savings  can  be  achieved.   In 
the  case  of  local  improvements  on  existing  streets,  sewers  in 
common  trench  are  almost  mandatory  in  order  to  minimize 
disruption  to  the  local  residents  and  restoration  costs. 
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Pipe  Material 

The  most  common  materials  used  for  sanitary  sewers  are 

vitrified  clay,  concrete  and  asbestos  cement  pipe. 

The  use  of  plastic  pipe  for  sanitary  sewers  is  receiving 
more  and  more  consideration  nowadays  and  quite  often  may 
be  used  for  forcemains.   Cast  iron  and  ductile  iron  are 
commonly  used  for  forcemains  and  river  crossings. 

In  the  case  of  storm  sewers  corrugated  metal  pipe  can  be 
used  in  addition  to  the  materials  used  for  sanitary  sewers, 
and  due  to  size  limitations,  asbestos  cement  and  vitrified 
clay  are  less  commonly  used  for  storm  sewers. 

Sewer  Depths 

Where  feasible, sewers  should  be  deep  enough  to  receive  drainage 
by  gravity.   However.it  may  be  moie  economical  to  provide 
individual  pumping  facilities  for  deep  basements  and  buildings 
on  land  substantially  below  the  street  level. 
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In  general* to  provide  gravity  drainage,  sewers  should  not 

be  less  than  3  feet  below  basement  floors.   A  minimum  of 

4  to  S  feet  of  cover  should  be  maintained  to  prevent  freezing 

and  uplift  of  sewer  pipes.   One  must  always  check  clearance 

of  other  utilities  that  might  interfere  with  lateral  connections 

and  sewer  crossings.   For  example  a  large  water  main  of  say 

42  inches  diameter  with  five  feet  of  cover  would  effectively 

block  connections  to  a  sewer  laid  at  the  commonly  used  depth 

of  9  feet.   The  length  of  the  house  connection  can  also  effect 

the  sewer  depth. 
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Infiltration  and  Exfiltration 

Infiltration  can  cause  harmful  overloading  of  sewer  systems 

and  treatment  plants.   The  selection  of  pipe  joints  and  the 

method  of  connecting  laterals  are  most  important  in  minimizing 

infiltration, 

Exfiltration  can  cause  the  washout  of  sewer  bedding  and 
settlement  of  the  sewer  resulting  in  caveins  and  structural 
failures  in  the  sewers  and  pavements  above. 

The  normal  specification  for  infiltration  allows  in  the  order 
of  250  to  500  gpd/in.diam./mileo   An  infiltration  test  should 
be  made  where  soil  and  ground  water  conditions  indicate  that 
the  water  table  will  be  above  the  top  of  the  sewer.   Exfiltration 
tests  are  required  where  the  water  table  will  be  below  the  invert 
of  the  sewer. 

Modern  equipment  makes  it  quite  easy  to  test  sewers  for 
exfiltration  by  such  means  as  the  air  pressure  test. 
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Computation  Forms 

Computations  for  determining  required  seweT  sizes  and 
slopes  may  be  simplified  by  using  forms  similar  to  those 
attached  hereto. 

An  example  of  how  to  use  these  forms  will  be  illustiated 
for  a  typical  street  in  a  subdivision  in  the  Metropolitan 
Toronto  area.   This  example  will  also  serve  to  show  how 
economical  pipe  sizes  are  obtained  and  what  minimum  slopes 
should  be  used. 
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INTRODUCTION 


In  the  design  and  selection  of  a  pipe  conduit  to  suit 
a  particular  situation,  several  factors  must  be  considered. 
These  are  as  follows : 

L.   Hydraulics  -  how  large. 

2.  Economics  -  how  expensive. 

3.  Structural  Strength  -  how  strong. 

4.  Durability  -  how  Long  will  it  last. 

5.  Installation  -  how  easy  is  it  to  construct. 

6.  Couplings  and  fittings  -  how  watertight  or  how 

versatile  in  permitting 
connections  to  be  made. 

One  can  see  that  all  six  of  these  factors  must  be 
correlated  and  given  some  order  of  importance  to  fit  the 
particular  problem.   It  must  be  remembered  that  all  of  these 
facturs  arc  of  equal  importance  in  the  final  selection  of  a 
conduit.   It  would  be  wrong  to  install  a  pipe  that  is  both 
adequate  in  size  and  strength  but  is  of  insufficient  durability 
or  is  not  watertight.   Both  cases  could  result  in  failure  in  a 
very  short  period  of  time. 

It  is  the  scope  of  this  article  to  expound  on  the  third 
factor  -  the  structural  aspects  of  sewer  design. 

Basically,  there  are  two  types  of  aonduits  available,  - 
rigid,  (concrete,  vitrified  clay  or  asbestos  cement)  and  flexible, 
(steel,  corrugated  metal  pipe,  soft  plastic).   The  performance 
of  rigid  and  flexible  pipes  in  supporting  applied  loads  differs 
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considerably.   The  theory  of  loads  and  supporting  strengths  of 
each  type  of  conduit  is  well  documented  and  founded  on  tests  and 
experiments  dating  over  the  past  sixty  years.   Today,  more 
sophisticated  methods  are  being  sought  to  analyze  the  soil-structure 
interaction.   The  Marston  equations  themselves  are  being 
questioned  with  the  hope  that  a  more  accurate  solution  in 
predicting  loads  on  buried  structures  will  result. 

The  design  procedure  for  the  selection  of  rigid  pipe 
involves  the  consideration  of  the  following: 

1.  Determination  of  the  earth  load. 

2.  Determination  of  the  live  load,  if  applicable. 

3.  Selection  of  a  field  bedding  condition. 

4.  Determination  of  a  load  factor. 

5.  Application  of  a  factor  of  safety. 

6.  Determination  of  the  required  D-load. 

1.   Determination  of  the  earth  load 

The  theory  of  earth  loads  on  buried  conduits  was 
derived  by  Martsonwho  analyzed  the  problem  using  rational 
principles  of  mechanics.   Actual  life  size  model  tests 

supported  his  theories. 

Figure  1  categorizes  the  classifications  of  conduit 
installations.  Each  type  will  be  briefly  discussed  later. 
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2.  Determination  of  Live  Loads 

The  distribution  of  stresses  through  a  soil  mass  has 
long  been  established  by  Boussinesq  and  others  and  various 
charts  and  diagrams  are  now  available  to  simplify  the  selection 
of  a  conduit. 

3.  Selection  of  a  Field  Bedding  Condition 

The  selection  of  this  factor  is  an  arbitrary  choice 
dependent  upon  the  economics  and  degree  of  care  of  installation 
that  the  designer  wishes  to  impose.   The  method  of  installation 
and  control  in  enforcing  that  the  design  is  followed  is  one  of 
the  prime  problems  encountered  by  the  engineer.  More  failures 
arise  due  to  lack  of  care  in  following  the  bedding  specification 
than  any  other  factor. 

4.  Determination  of  a  Load  Factor 

This  factor  has  been  determined  from  experiment  and 
is  directly  related  to  the  care  taken  to  maximize  the  amount 
of  contact  that  the  pipe  barrel  makes  with  the  surrounding 
backfill  material. 

5.  Application  of  a  Factor  of  Safety 

It  is  common  in  all  engineering  problems  to  design 
to  the  working  stress  which  is  the  ultimate  stress  at  failure 
divided  by  u  factor  of  safety. 

For  rigid  pipe  design,  an  empirical  factor  of  safety 
of  1.0  and  1.5  is  recommended  for  reinforced  and  non- re info reed 
pipe  respectively. 
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The  structural  strength  of  a  rigid  pipe  is  usually 
measured  by  a  three-edge  test.   The  strengths  determined  from  these 
tests  is  then  classified  by  D-loads.   The  D-load,  an  arbitrary  parameter 
which  measures  the  strength  for  the  establishment  of  a  standard,  is  the 
three-edge  bearing  strength  divided  by  the  internal  diameter  of  the  conduit, 
The  following  table  lists  the  various  D-loads  for  the  more  common  pipe 
materials  and  specifications. 


Specification 


Class 


D-Load 


Plain 

Concrete 

ASTM 

C 

-  11  - 

70 

1 

1QDD  p.l 

.f./ft.  of  dia. 

C 

-  14  - 

7D 

2 

225D 

tt 

C 

-  14  - 

70 

3 

260D 

ii 

Re inf. 
Concrete 

C 

-76- 

68 

II 

1000 

IT 

C 

-  76  - 

68 

III 

1350 

" 

C 

-  76  - 

68 

IV 

2000 

" 

c 

-  76  - 

68 

V 

3000 

tt 

Vitrified 

CSA 

A  60.1 

s.s. 

1800  * 

"  for  12"  dia 

Clay 

CSA 

A  60.1 

E.S. 

2600  * 

"  for  12"  dia 

Asbestos 

ASTM 

C  428 

1500 

1500 

1! 

Cement 

C  428 

2400 

2400 

!' 

C  428 

3300 

3300 

" 

C  428 

4000 

4000 

V 

C  428 

sooo 

5000 

" 

** 


* 


not  a  linear  relationship  -  does  not  vary  directly  with  diameter. 


TABLE  1 

**(-Ppf nf-n VP  revision  (not  vet  approved  for  incorporation  in  the 
ASTM  standards   C-14-70  or  lat^r  edition). 
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The  design  of  flexible  pipes  involves  - 

1.  Determination  of  earth  load. 

2.  Determination  of  live  load,  if  applicable. 

3.  Investigation  of  seam  strength. 

4.  Investigation  of  buckling  strength. 

5.  Investigation  of  deflection. 

6.  Investigation  of  handling  and  ease  of  installation. 

7.  Application  of  a  factor  of  safety  to  above 

These  steps  shall  be  discussed  more  fully. 

The  intention  of  this  article  is  to  briefly  outline 
the  numerous  methods  of  designing  a  conduit.   Because  of  the  lack 
of  adequate  time,  only  the  highlights  and  personal  observations 
can  be  touched  upon.   However,  it  is  hopeful  that  this  review  of 
the  structural  aspects  will  whet  the  intellectual  appetite  of  the 
novice  or  even  the  learned  and  that  further  interest  will  be 
generated  to  pursue  this  many- faceted  and  highly  interesting  topic, 
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FLEXIBLE  PIPE  DESIGN 

The  structural  strength  analysis  of  a  flexible 
conduit  is  a  study  of  the  ring  compression  strength  and  ring 
bending  strength.   The  ring  compression  theory  illustrates 
the  interaction  of  the  conduit  and  the  surrounding  soil  which 
together  support  the  applied  loads. 

Soil  analysis  should  include  three  design  checks. 

1.  classification  and  evaluation  of  soil  type  on  site  or  to  be 
used  as  backfill  material. 

2.  determination  of  fill  soil  properties  including  the  modulus 
of  deformation  or  the  compaction  characteristics  of  the  soil 
and  the  coefficient  of  the  soil  reaction. 

3.  determination  of  subgrade  soil  properties  including 
consolidation  tests. 

Field  measurements  known  as  Farina  tests  have  shown 
that  a  flexible  conduit  bears  about  60%  of  the  load  of  the  soil 
prism  above  the  pipe  while  the  soil  withstands  the  remaining  40%. 

I    Ring  Compression 

Figure  3    is  a  simple  body  diagram  showing  that  the 
value  of  conduit  wall  compression  thrust  (lbs/ft  of  culvert)  is  equal  to 
the  sum  of  the  dead  loads  and  live  loads  (in  psf)  on  the  top  of 
the  pipe  multiplied  by  one-half  of  the  maximum  horizontal  span  (Tt.) 
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Fig-  3 


1.  Dead.  Loads 

To  determine  the  value  of  the  dead  load  acting  on 
the  top  of  the  conduit,  the  designer  should  assume  that  this 
load  is  equal  to  the  height  of  fill  tines  its  density.   In 
actual  cases,  however,  such  as  where  soft  foundations  are 
encountered,  the  dead  load  on  the  conduit  is  reduced. 
Conversely,  when  the  foundation  beneath  the  conduit  is  more 
firm  relative  to  the  area  on  each  side  of  the  pipe,  the  load 
is  increased.   This  is  analogous  to  the  review  of  the  Marston 
formula  for  loads  on  rigid  pipe  where  friction  planes  of  the  side 
earth  prisms  relieve  or  increase  the  load  on  the  conduit. 

Figure  4  illustrates  the  correct  procedure  to  be  followed 
when  installing  flexible  pipe  in  soft  or  hard  foundation  materials. 
By  adopting  this  method  a  uniform  foundation  is  provided  under  the 
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structure  ay  well  us  at  each  side. 

Figure  5  shows  that  when  some  degree  of  compaction 
is  provided  at  the  sides  of  the  structure  the  deflection  will  be 
a  minimum  and  the  load  on  the  structure  will  be  equal  to  that 
calculated  from  the  height  of  cover  under  higher  fills. 
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rok  iM.wionink-r.-d  in  the  foundation,  it  should  be  excavated  to  al  least  8  in.  below  .he 
bottom  of  (tie  &iiu$ture. 


Fig, 


■Tamp  fill  carefully  under  bottom  of  pipe-arches. 
Plat*  fill  in  uniform  well  lamped  6"  layen.     — — 

Keep  fill  al  lame  elevation  on  both  jidet.    

Compaction  undef  the  corners  of  pipe-arches  is  important. 


Fig. 
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2.  Live  Loads 

The  magnitude  of  the  load  live  acting  on  a  buried 
conduit  varies  inversely  as  the  depth  of  fill.   There  are 
various  theories  available  to  the  designer,  the  Boussinesq 
solution  being  the  most  widely  used. 

Figures  6  and  7  show  the  graphical  relationship  of 
the  distribution  of  live  load  to  depth  of  cover  for  a  H-20 
highway  loading  and  for  a  Cooper  E-72  railroad  live  load 
respectively. 

The  H-20  loading  represents  a  20  ton  vehicle,  having  a 
rear  axle  load  of  80%  of  the  weight  of  the  vehicle  and  the  load  is 
applied  on  a  pressure  area  of  18"  x  20"  (area  of  contact  between 
the  tires  and  the  road  surface) . 

The  Cooper  E-7  2  loading  is  the  live  load  transmitted 
to  a  pipe  due  to  the  weight  of  the  locomotive  driver  axles  plus 
the  weight  of  the  track  structure,  including  ballast.   This 
load  is  assumed  to  be  uniformly  distributed  over  an  area  equal  to  the 
length  of  the  ties  multiplied  by  the  length  occupied  by  the 
driver  axles. 

14 


500  1 000  1 500 

Unit  Loud  in  Pounds  per  Square  Foot 


2000 


Combined  H  20  highway  live  load  and  dead  load  is  a  minimum  at  about  4  ft 
ol  Lover,  applied  through  a  pavement  1  ft  thick. 


fig.      b 
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3000 
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Unit  Load  In  Pounds  per  Square  Foot 


Railroad  live  lond.  Cooper  F   72,  combined  with  dead  load,  is  <>  minimum  at 
iiL'uui  I  1   Ft.  Livid  is  nrijilied  through  three  2  ft  by  8  ft  areas  On  5(t  centers. 


Fig.  7 


3.  Impact  Factors 

(a)  -  Highway  loading  -  The  surface  live  load  should 
be  Increased  by  an  impact  factor,  which  varies  between  1.0  and 
1.3  for  depths  of  cover  ranging  from  3'  to  0'   respectively. 

(b)  -  Railroad  loading  -  The  American  Railway  Engineering 
Association  recommends  that  an  impact  factor  of  1.0  to  1.5  be 

used  for  depths  of  cover  between  10'  and  0'  respectively. 


4.  Application  of  Live  Load 

The  designer  should  be  aware  that  in  certain  cases  it 
may  be  possible  that  more  than  one  wheel  load  is  transmitting 
load  to  the  conduit.   This  would  double  the  live  load  on  the  pipe 
as  determined  from  figure  6- 
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5.  Minimum  Height  of  Cover 

The  minimum  recommended  allowable  height  of  cover 
is  given  in  figure  8    below. 


Up  to    Over 
120"      120" 


RIGID  PAVEMENTS 


S/20 


NOTE:    Minimum  cushion  of  3"  under  slab 


^0»°      °V0e'        UNPAVEO  AND  FLEXIBLE  PAVEMENTS 


COVERS  SHOWN  ARE   FOR  FINISHED  CONSTRUCTION 
During     construction    cover    must     ba     provided     to    project     the 
structure  from  damage. 


Minimum   height   of  cover   for  corrugated 
metal  structures.    Final  or  finished  grade. 


Fig.  8 
At  the  point  of  minimum  cover,  the  normal  components 
of  the  active  pressures  on  a  structure  using  the  active  component 
of  the  vertical  weight  as  one- third,  (Rankine's  ratio)  shows  this 
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point  to  be  approximately  one-quarter  of  the  diameter  of  a 
round  pipe  as  shown  in  figure  8.  .    In  practical  applications 
for  highway  loading  this  can  be  reduced  to  at  least  one-eighth 
the  diameter  because  the  structure  does  contain  moment  strength, 
Railroad  loading  should  be  designed  for  a  minimum  cover  equal 
to  one-quarter  of  the  diameter  of  the  conduit.   Experiments 
are  still  being  carried  out  in  this  field  to  refine  this 
information. 

II    Bending  Strength 

The  second  aspect  which  the  designer  must  consider 
is  the  ring  bending  strength.   This  can  be  broken  down  into 
three  sections:  seam  strength,  buckling  strength,  and 
installation  rigidity. 
1.  Seam  Strength 

For  the  design  of  seam  strength ,  the  conduit  wall 
compression  is  limited  to  the  ultimate  strength  of  the  seam 
divided  by  a  factor  of  safety. 

Table  I  I  gives  the  values  of  the  ultimate  seam 
strength  for  various  sizes  of  corrugated  metal  pipe. 

Insufficient  research  exists  in  the  determination  of 
the  yield  point  causing  a  failure  by  compressive  buckling. 
However,  based  on  vast  experience,  it  has  been  found  that  a 
safety  factor  of  2  can  be  used  for  carefully  controlled  and 
well  engineered  installations.   However,  it  is  recommended 
that  a  factor  of  safety  of  4  be  used  in  determining  seam 
strength  for  average  handbook- type  installation. 
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Ullim.itn  Lornjitndin.il  Scam  Strength 
of  Corrugated  Steel  Pipe 

In  Pounds  Per  Foot  of  Seam 


Gage 
of 

Metal 

K«*  Rivets 

JS*  Rivets 

Vn'  Rivets 

IK'tVt" 

2%'xl*' 

3'xl* 

Double 

3-xl- 

Single 

Double 

21,500 
29,800 

Single 

23,400 

24,500 
25,500 

Double 

46.800 
49,000 
51,300 

Double 

16 
H 

12 
10 
8 

16,750 

m?oo 

28,700 
35,700 

53,000 

63.700 
70,700 

The  above  values  are  based  on  riveted  construction;  (hey  also  apply  to  spotwclded  ami  helical 
loch  seam  fabrication. 

Values  in  this  table  aie  based  on  tests  conducted  by  Utah  State  Dept.  o(  Highways,  1964,  and  by 
Pittsburgh  Laboratories,  1966. 


Ultimate  Strength  of  Bolted  Structural  Plate  Longitudinal  Scams 

In  Pounds  Per  Foot  of  Seam 


Gage 

4  Bolls 

Per  Foot 

6  Bolts 
Per  Foot 

8  Bolts 
Per  Foot 

1? 
10 
8 

42.000 
62.000 

81.000 

7 
5 

93,000 
112,000 

3 
1 

132,000 
144.000 

184,000 

220,000 

Bolts  used  in  tests  were  Win.  high  strength  bolts,  meeting  ASTM  A  325. 


TABLE    II 


2.  Buckling  Strength 

The  structure  is  designed  for  buckling  by  limiting 
the  ring  compression  to  the  stress  at  buckling  multiplied  by  Lhe 
cross-sectional  area  of  the  cunduit  wall  divided  by  the  factor  of 
safety. 
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Figure  9    illustrates  the  relationship  of  ring 
compression  to  ultimate  buckling  stresses  for  good,  and 
excellent  backfill  conditions. 
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ULTIMATE  BUCKLING  STRESSES 
FOR  CORRUGATED  STEEL  PIPE 
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100    120    140    160    180    200    220    240 
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IDA)'  -  THOUSANDS 
Ultimate   buckling  stresses  for  two  types  of  backfill  ("good"  and  "excellent"). 


■  Ave.  r ■0.172 
.Ave.  r«  0.344 

■  Ave.  r« 0.633 


Fig.    9 
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The  cross  sectional  area  of  corrugated  metal 
pipe  walls  is  tabulated  below. 


Moment  of  Inertia  and  Crosj  Sectional  Wali  Area  ol  Corrugated 
Slael  Sheets  and  Plates  for  Oiainjcjo  Conduits 


Co;  ruction 

Moment  of  Ineiha 

,  I 

Dimensions 

16  Ga 

HGj 

in  Inches*  per  Inch  ol  Width 

Pitth  x  Depth 

l?Ga 

10  Ga 

SGd 

?Ga 

Sf.a 

3_Ga 

1  Ga 

l<4  x  K  in- 

.00044 

.00057 

.00086 

.0012! 

.00163 

2     x  M  in. 

.00194 

.00246 

.00354 

.00472 

.00599 

2V%  x  V2  in. 

.00130 

.00239 

.00343 

.00453 

.00572 

3     x  1  in. 

.00866 

.01088 

.01546 

.02013 

.0251 

6    x  2  in. 

.0604 

.0782 

.0961 

.1080 

.1269 

.1462 

,1659 

Cross  Sectional  Wall  Area,  in  Inches*  per  Inch  of  Width 


1',;  %\t  in. 

.0634 

.0792 

.1109 

.1427 

.1744 

i 

2    x  Vi  in. 

.0679 

.0849 

.1190 

.1532 

.1874 

2%  x  V*  in. 

.0646 

.0807 

.1130 

.1453 

.1777 

3    x  1  in. 

.0742 

.0927 

.1300 

.1673 

.2048 

6     x  2  in. 

.130 

.167 

.204 

.228 

.267       .305 

.343 

Corrugation  dimensions  are  nominal;  subject  to  manufacturing  tolerances. 


TABLC    TTT 


The  recommended  factor  of  safety  for  design  by 
buckling  is  2  based  on  numerous  tests  and  experience. 
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i.    Handling  and  Installation 

Flexible  conduits  must  have  adequate  rigidity  to 
maintain  their  shape  fur  handling,  shipping  and  installation. 

This  flexibility  factor  or  relative  elastic  deflection 

2 
factor  can  be  expressed  as  F.F.   =   D  /EI 

where   D  =   dia.  or  max.  span  of  conduit  (in.) 

E  =  modulus  of  elasticity  of  pipe  material  (psi) 

I  -     moment  of  inertia  per  unit  length  of  cross 
section  of  the  pipe  wall  (in4) 

No  theoretical  value  of  the  flexibility  factor  is 
available;  however,  based  on  experience  empirical  maximum 
tolerable  values  for  steel  conduits  are  as  follows: 

for  2-2/3"  x  1/2"  corrugations    F.F.     0.0433 
for  3"     x  1"   corrugations    F.F.    0.0433 
for  b"     x  2"   corrugations    F.F.     0.0200 
4 .  Deflection 

Flexible  pipe  fail  by  excessive  deflection  and  collapse 
rather  than  rupture  of  the  pipe  walls  as  in  the  case  of  rigid 
conduits.   Ring  deflection  then  is  the  change  in  diameter  (horizontal 
as  well  as  vertical)  due  to  flattening  under  an  applied  load.   If 
the  deflection  exceeds  S%  of  the  nominal  diameter  of  the  conduit, 
collapse  will  ensue.   Since  deflection  indicates  Inadequate 
compaction,  an  A.A.S.H.0.  density  of  the  backfill  of  90%  to  95% 
is  recommended. 
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Conduit  deflection  can  be  determined  by  the  Iowa 

KWcR3 
EI  +  O.GSIE1!*3 


Deflection  Formula,      A*  =  %    KWcR 


where  ^  =  horizontal  and  vertical  deflection  of  the 
*   pipe  (in.) 

D,   =  deflection  lag  factor 

K   =  a  bedding  constant  dependent  upon  the 
angle  subtended  by  the  pipe  bedding. 

We  =  vertical  load  on  the  pipe  (lb.  per  iin.  in.) 

R   =  mean  radius  of  the  pipe  (in.) 

E   =  modulus  of  elasticity  of  the  pipe  material  (p.s.i.) 

I   =  moment  of  inertia  per  unit  length  of  cross 
section  of  pipe  wall  (in4  per  in.) 

El  -  eR  =  modulus  of  soil  reaction  (psi) 

e   ■  modulus  of  passive  resistance  of  the  enveloping 
soil  (psi) 

The  above  formula  relates  pipe  deflection  to  passive  side 

pressure  resisting  horizontal  movement  of  the  pipe  and  to  the 

inherent  strength  of  the  pipe  and  has  been  derived  from  analysis 

and  study  of  existing  structures.   The  designer  can  also  be  confident 

of  its  reliability  in  using  this  formula  for  the  design  of  new 

structures. 

It  should  be  noted  that  there  is  little  information  available 

on  the  value  of  the  soil  modulus,  £.'.  This  factor  has  not  been 

accurately  correlated  with  the  backfill  type  and  degree  of  compaction. 
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Recommended  values  for  the  various  factors  used  in  the 
computation  of  the  deflection  of  a  given  culvert  are  as  follows. 

A.       Good  Backfill  Material  -  85%  Proctor  Density. 

Di        K  E-L  Remarks 


1.5       0.44     700  psi      is  based  on  an  average 

of  actual  installations 


B.       Excellent  Backfill  Material  -  95%  Proctor  Density. 



Di         K         E  Remarks 


1.25      0.22    1400  psi      is  based  on  an  average 

of  actual  installations 


Not  all  the  deflection  occurs  instantaneously  upon  the 
load  being  applied!  Therefore,  the  lag  factor  X\  considers 
the  time  delay. 

It  should  be  noted  that  some  texts  consider  the  factor, 
K  to  vary  between  0.083  and  0.110  for  a  bedding  angle  of  180  and 
0°  respectively.   In  the  tables  above  the  most  recent  published 
values  for  this  factor  have  been  quoted. 

The  influence  of  the  inherent  strength  of  the  pipe  on 
deflection,  expressed  by  the  first  term  of  the  denominator, 
should  not  be  less  than  10-15%  than  the  value  of  the  second  term 
of  the  denominator,  0.061  fc  K  .   This  is  particularly  true  when 
analyzing  large  structures  where  the  passive  earth  pressure  is  the 
governing  portion  in  resisting  deflection.   The  designer  must  keep  in 
mind,  however,  the  fact  that  the  pipe  wall  must  have  sufficient  local 
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strength  in  bending  and  thrust  to  develop  and  utilize  the 
passive  resistance  pressure  on  the  sides  of  the  pipe. 

The  following  problem  illustrates  how  the  above 
design  factors  determine  the  selection  of  a  flexible  conduit. 

Figure  10  shows  a  summary  of  the  types  uf  failure 
which  are  possible  in  flexible  conduit  installations. 


*&B$B^^9iPRBimP 


Soft  Soil 


Firm  Soil 


111  Ddleciion 

IFloMcnmgl 


(21  Y.cld  Wllu  '31  EltiH.t  buckling  1*1  ^"",  >"*"1 

lOujhing!  tOICanSfiopl  IfoiW: 


rig.  10 
in 

1.  Vertical  Elongation 

Elongating  the  vertical  diameter  of  the  pipe  before 
backfilling  allows  additional  side  support  to  be  built  up  as  the 
pipe  resumes  a  full-round  shape  under  a  heavy  fill  load.   In  this 
manner  the  load  carrying  capacity  is  increased  over  that  for  a 
pipe  installed  with  a  round  shape.   The  amount  of  elongation  is 
usually  equal  to  S%   of  the  nominal  diameter  of  the  pipe.   It  should 
be  noted  that  this  procedure  is  required  only  on  large  conduits  under 
high  fills.   Elongation  can  be  achieved  in  the  manufacture  of  the 
plate  itself  or  by  wire  strutting,  applying  a  rod  and  turnbuckle 
or  by  strutting. 
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Figure  H  illustrates  that  as  the  load  .is  applied 
;uul  del']  i!t-<  Linn  occlil-h,  Llio  backfill  on  the  sides  ol'  the  yipe 
is  compressed  and  therefore  the  side  support  for  the  structure 
is  increased.   Snail  deflections  indicate  excellent  backfilling, 


Fill  Load 


Final  Shape 


Original  Shape 


till  loads. 


Proper  side  support  enables  a  flexible  steel  structure  to  resist  tremendous 


rig.  ii 


2.  Backfilling 

Figure  12  shows  the  recommended  and  poor  backfilling 
practice  for  corrugated  metal  pipe  arches.   This  procedure  can 
also  be  applied  to  circular  pipe  installations. 
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Filling  on  only  one  side  causes  arch  to  sriift.    If  till  is  not  placed  on  top  as  backfilling 
proceeds.  arch  may  raise,  thereby  flattening  side  radius. 

COMMON  MISTAKES  IN   BACKFILLING  ARCHES  (above) 


Place  fill  on  arch  by  distributing  material 
around  and  over  the  structure  in  uniform 
layers,  tamping  thoroughly.  Place  ma- 
terial from  top  of  arch. 


RECOMMENDED  BACKFILLING  PRACTICE 


p 

f> 

** 

z  F 

%mtiwmmm 

£ 

ill  Material  'o 


SIDE  VIEWS    Without  and  With  Hoadwalls 


Bcrornmonded  and  poor  backfilling  practice  for  compiled  steel  arches.  * 


fig.    12 
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Corrugated  metal  pipes  should  not  be  placed  on 
soft  or  hard  foundations  or  on  timber  or  concrete  cradles 
or  piles  and  should  not  be  encased  in  concrete. 

The  designer  should  be  completely  familiar  with 
the  texts  available  on  the  subject  of  installation  of  flexible 
conduits  since  it  is  only  through  achievement  of  adequate 
field  control  that  the  proper  specifications  are  fulfilled 
and  the  design  of  the  structure  is  realized. 

3.  Height  of  Cover  Tables 

Tables  IV  and  V   tabulate  the  limitations  in 
height  of  cover  for  various  pipe  sizes  and  gauge. 

Note  that  a  48"  diameter  pipe  of  16  gauge  can  be 
installed  at  a  depth  of  22  feet  while  if  the  same  conduit 
was  made  with  8  gauge  walls  then  it  could  withstand  a  depth 
of  20  feet.   Further  this  same  pipe  is  adequate  for  depths  of 
27  feet  and  52  feet  for  16  and  8  gauge  respectively  if  5% 
vertical  elongation  is  permitted.   Note  the  vast  increase 
of  this  latter  allowable  limit  over  the  value  of  the  round 
pipe  I 
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Heightof-Cover  Limits  for  Corrugated  Steel  Pipe 
in  Fee*,  (or  H20  Loading 

22/3  in.  X  V2  in.  Corrugations 
Riveted.  Spot  Welded  or  Helical  lock  Seam  Fabrication 
K=  0.44  (Good  Backfill) 


Diameter 

or  Span- 
Inches 


o 


16  Gage 


14  Gage 


Hound    Hong* !  Bound  I 


-  - 

12 

83 

15 

67 

18 

55 

21 

44 

— 

24 

36 

30 

28 



36 

25 

28 

42 

23 

31 

48 

22 

27 

54 

— 

60 

66 

72 

78 

84 

Si 
72 
60 
SO 

40 
30 
26 

24 

:>i 
22 


Elong* 


30 
•!2 

37 
33 


12  Gage 
(found 


S3 

48 
35 
28 
25 

24 

22 

22 

21 


Elong* 


39 

5C 

44 
44 
42 

31 


10  Gage 


Round 


31 
27 

25 
23 

22 
22 

21 


Elong* 


4C 

50 
M 

.:■: 

C 

32 


8  Gage 

Round    Elonji* 


29 

?fi 
24 
23 
22 

22 

21 

2: 


52 
U 
46 
44 

41 
32 
25 
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Minimum  cover  top  of  pipe  to  top  of  subgrade  =  I  foot 
Vertical  elongation  =  5%  of  nominal  diameter 

DESIGN  CRITERIA 
Dead  Load  Pressure-100  psf  per  foot  of  height  of  cover. 
Seam  strength  based  on  Table  2-4. 
Rivet  pattern: 

12  thru  36  in.  diameter— 4V1  rivets  per  foot 

42  thru  84  in.  diamc*  "—9  rivets  per  foot 

16  and  14  gage— \{t  in.  diameter  rivets 

12,  10  and  8  gage—  %  in.  diameter  rivets 
Safety  factors  based  on: 

FS  =  4  for  longitudinal  seams 

FS  =  2  for  pipe  wall  buckling 

FF  ~  .0433;  maximum  span  limited  by  flexibility  factor 
Good  backfill  material  contracted  to  85%  Proctor  density 

K  -  0.44;  soil  coefficient 

E'  =-■  700  pii;  modulus  of  soil  reaction 
Aj  =  5%  below  circular  shape 

Refer  to  text  for  design  procedure.  Fill  heights  exceeding  100  ft  shall  be 
considered  a  special  design.  la"  M 


Height-of  Cover  Limits  lor  Corrugjtod  Ste^l  Pipu 
in  Feet,  for  H20  Loading 

2%  in.  X  VZ  in.  Corrugations 

Riveted,  Spot  Welded  and  Heiicat  Lock  Seam  Fabrication 

K  =  0.22  (Excellent  Backfill) 


o 


Diameter 
or  Span 

16  Gage 

14  Gage 

12  Gage 

10  Gage 

8Ga;e 

Inches 

Round 

Eionfi* 

Round 

Elong* 

Round 

Elong* 

Round 

Elont;* 

R-iuncf 

Elong* 

12 

83 

. 

91 

_ 

15 

67 

n 

— 

18 

55 

~ 

60 

— 

_ 

21 

47 

— 

52 

— 

66 

24 

41 

— 

45 



58 

30 

33 

— 

36 

— 

46 

36 

27 

28 

30 

30 

39 

39 

40 

40 

. , 

42 

30 

31 

42 

42 

46 

66 

48 

69 

49 

73 

48 

26 

27 

37 

37 

44 

58 

45 

61 

46 

64 

54 

— 

— 

33 

33 

43 

52 

44 

54 

45 

57 

60 

42 

46 

43 

48 

44 

5i 

66 

42 

42 

42 

44 

43 

46 

72 

— 

_ 

40 

40 

42 

42 

78 

— 

— 

— 

— 

39 

39 

84 

~— 

— 

— 

— 

36 

36 

to 


Mini  mum  cover  top  of  pi  pe  to  top  of  subgrade  =  1  foot 
'Vertical  elongalion  =  5%  of  nominal  diameter 

DESIGN  CRITERIA 
Dead  Load  Pressure— 100  psf  per  foot  of  height  of  cover. 
Scam  strength  based  on  Tabic  2-4. 
Rivet  pattern: 

12  thru  36  in.  diameter— 4Vz  rivets  per  foot 

42  thru  84  in.  diameter— 9  rivets  per  foot 

16  and  14  gage—  ^  in.  diameter  rivets 

12,  10  and  8  gage—  %  in.  diameter  rivets 
Safety  factors  based  on: 

FS  =  4  longitudinal  scams 

KS  =  2  for  pipe  wall  buckling 

FF  =■  .0433;  maximum  span  limiicd  by  flexibility  factor 
Excellent  backfill  material  compacted  to  95%  Proctor  density. 

K  =  0.22,  soil  coefficient 

/:'  =■■   1400  psi;  modulus  of  soil  reaction 
A,  =  5%  below  circular  shape 

Refer  to  text  for  design  procedure.  Fill  heights  exceeding  100  ft  shall  be  con- 
sidered a  special  design. 
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PRORLEM  -  Flexible  Conduit 

Given:    4b"   dia.  CMP  2-2/3"  x  1/2"  corr.  riveted  (5/16")  single 

11=  3 '  (above  crown) 
Tind:    Required  Gauge. 


Solution : 

Ring  Compression:    C  =  PS  =  (D.L.  +  L.L.)  Span 
"2"  ~2 

D.L.  =  dead  load  of  soil  prism  above  conduit 
=  WH  =  100  x  3  =  300  psf 

L.L.  =  600  psf  from  Fig.  6 

C    =  (300  +  600)  J  =  1350  p.l.f. 

2 
Seam  Strength  Required  =  F.S.  x  C 

use  F.S.  =  4 

.*.  Seam  strength  required  =  4  x  1350  =  5400  p.l.f. 

16  Ga.  has  seam  str  =  16750  plf. 

Table  II 


Duckling  of  Wall 

assume  good  backfill 

from  figure  9     ultimate  buckling  strength  f  =  33000  psi 

fj*  allowable  =  f^ 

F.S.  in  buckling  =  2 

F.S. 

f,    =  working  buckling  stress 
b 


fc   =  compressive  stress 

=  arp,n  nF  nnnp  wt,_ 

»  0.0646  in2/in  TABLE  III 


=   area  of  pipe  wall   inVin  -for  16   guage 


C  =   1350  p.l.f. 

f  C       =  1350 =   1741  p.s.i.        fb     -    33000=   16c0n 

c  T2A  12  x    0.0046  §$£     ~^—     ^^ 

F.S.  p.s.i. 

.-.    OK  for 
buckling 
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Handling   &    Installation 

y\-  =jj2      =        ^ =      0.021b 

ET  (30   x    106)     (0.00189) 

which  is  less  than  allowable   FF  =  0.0433 

N.B.      I  read  from  table  III   or   (I  =  bd3) 

12 

He fleet ion 

4\  =»    D,  K  Wc  R3 

FT  +  0.061  F'R3 

Wo  =  (PL  +  L.L.)  SPAN  =  (300  +  000)3  =   22 5  lb/in 
12  12 

[  (from  table  HI  ]      ■=  0.00189  in4   (mom.  of  inertia) 

i;  =  30  x  106  psi.  (mod.  of  elast.) 

R  =   18"   (radius  of  pipe) 

K  =  0.M«+  (bedding  factor)      )        _     .      - 

'        Assuming  only 

_,   -.nn    .   ,   .     .,    ,   1  Good  Compaction 

[.'=  700  psi.  lioriz..soil  mod.   )  r 


lor  good  compaction: 

Ax     =    1.5  x  .tt  x  22!i  x  18 

(30  x  10*)  x  .00189  +  (.Obi  x  700  x  5820) 

.865         =    2.93" 


.306 
Allow  deflection  =  5%  of  vert.  dia. 

=  0.0S  x  36  =   1.80  in. 

.*.  N.G. 

Try   excellent   compaction 

Ax    =        1.25   x   0.22   x    225   x    18*  - 

(30   x    10«      x    .00189)    +    (.061   x    I'lOO   x    18   ) 

=  .36  =  .65   in. 


.555 

^      &*.  allow 


OK  for  excellent   backfill 
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Check  ratio  of  inherent  strength  to  soil  resistance 

BI         =         30  x  10*  x  .00189     -     11.^;, 
.061  C'P3  .061  x  1400  x  IP 

which  is  in  the  recommended  range. 

Summary  -     A  36TT  dia.  CMP  P  3T-0  of  cover  requires  a  16  gau^c 

material  and  excellent  backfill  ((JSr;i  Std.  Proctor  Density) 
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RIGID  PIPE  DESIGN 

Larth  Loads  on  Trench  Conduits 

Trench  conduits  are  installed  in  relatively  narrow  trenches 
excavated  in  undisturbed  soil  and  then  covered  with  earth  backf i  LI 
which  extends  to  the  original  ground  surface. 
1.       Marston  Formula  -  Theory 

Earth  loads  on  buried  pipes  can  be  determined  by  the 

p 
Marston  equation,        Wd  =  Cd  w  Bd 

where    Wd  =  vertical  earth  load  acting  on  the  pipe  (plf)  . 

Cd  =   load  coefficient  for  trench  condition 

w   =  unit  weight  of  backfill  material 

Bd  =  width  of  trench  at  top  of  conduit  (ft.) 

The  theory,  based  on  experiments,  states  that  the  load  on  a  buried 

conduit  is  equal  to  the  actual  weight  of  the  prism  of  earth  direct Ly 

over  the  pipe  plus  or  minus  the  frictional  shearing  forces  on  this 

prism  created  by  the  relative  movement  of  the  prisms  of  earth  on 

each  side  of  the  conduit. 

Figure  13  illustrates  this  relationship. 


BArfcm*,  ABCD;  F   -    Upwabd  Sn**RlHG  Foncfi 

ON  AC  AND  BD.  \HLt  Wz    <■     P         2f 


fig.    13 
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The  as.sump  tions  on  which  this  theory  is  based  are: 

1.  The  load  on  the  conduit  develops  as  the  backfill  settles. 

2.  The  resulting  load  on  the  conduit  is  equal  to  the  weight 
of  the  material  above  the  top  of  the  conduit  minus  the 
shearing  or  frictional  forces  on  the  side  of  the  trench. 

3.  The  magnitude  of  the  lateral  earth  pressures  which  induce 
the  shearing  forces  between  the  interior  and  exterior 
earth  prisms  is  computed  in  accordance  with  Rankines  Theory. 

4.  Cohesion  is  assumed  to  be  negligible  except  for  tunnels. 
There  is  a  time  lag  factor  here;  a  more  conservative 
design  will  result  by  ignoring  it. 


2.  Coefficient,   Cd 

Figure  14  is  a  graphical  analysis  of  the  relationship  of 
various  soils  types,  heights  of  cover  and  widths  of  trench. 
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Fig.  14 
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The  designer  should  use  curve  D  if  no  other  information  is 
available. 

If  sheeting  is  left  in  place  the  designer  should  be  aware  that 
the  coefficient  of  friction,^  between  the  timber  and  the  adjacent 
ground  is  less  than  the  value  for  the  case  where  the  sheeting  is 
removed.   Therefore  the  coefficient  Cd  is  increased  which  also 
increases  the  load  on  the  pipe. 

3.  Unit  Weight,  w 

If  soil  tests  have  not  been  taken  a  conservative  assumption 
for  design  purposes  for  the  value  of  the  unit  weight  of  backfill 
material  is  120  p.c.f. 

4.  Width  of  Trench,   Bd 

The  width  of  trench,  as  seen  above,  is  taken  at  the  top  of  the 
conduit.  This  factor,  more  than  any  other  in  the  Marston  equation, 
influences  the  magnitude  of  the  calculated  earth  load  on  the  conduit. 

The  designer's  attention  is  drawn  to  Figure  IB   which  shows 
this  increase  in  load  with  all  other  factors  remaining  the  same. 

Therefore,  the  most  economical  design  is  to  restrict  the 
width  of  trench  to  the  minimum  allowable  under  practical  construction 
procedures.   Note  that  sloping  or  widening  the  trench  walls  above  the 
top  of  the  conduit  has  no  effect  on  the  magnitude  of  the  earth  load 

on  the  pipe. 

If  sheeting  is  used  the  width  of  trench  shall  be  taken  as  the 
overall  excavated  width,  including  the  sheeting  unless  the  sheeting 
is  left  in  place. 

By  definition,  the  Marston  Theory  states  that  the  trench  conduit 
is  installed  in  narrow  trenches.   In  practice,  this  has  been  found 
to  be  up  to  approximately  2.5  times  the  diameter  of  the  pipe.   When 
a  pipe  :1s  installed  in  a  trench  having  a  width  exceeding  this  moasin'omonl 
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the  Load  on  the  conduit  must  be  calculated  by  the  Embankment  Conduit 
method.   Figurel5  plots  the  relationship  of  the  ratios  H/Bc  and  Bd/Bc 
Lor  various  values  of  rsdp.   The  term  rsd p  is  assumed  to  have  a 
value  of  0.5  x  0.7  =  0.35  if  no  other  data  is  available.   This  term 
will  be  discussed  later  in  tbis  report. 

APPROXIMATE    TRANSTTION  RATIO  CURVES    FOR    PIPE    CONDUITS    IN    WIDE 
TRENCHES  BACKFILLED  WITH  HOMOGENEOUS.ELASTIC.GRANULAR  SLIGHTLY 
COHESrVE,      SOIL     MEDIUMS,    COMPACTED     TO  THEIR     MAXIMUM  DENSITY. 

(  For  various  numerical  values  of  rgdp  ) 

J 


s 
o 

w 

w 
o 

< 
> 


tuft-m. 


VALUES  OF  Bd/B( 
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PROBLEM  #1  _   Trench   Conduit 

Given    :  A  4-8"   dia.    circular  pipe   is   to  be   instailed   in  a    7-1'uoL 

wide   trench  with  35    feet   of  cover  over   the   top   of   the  pipc 
The  pipe  will   be  backfilled  with   sand  and   gravel  weighing 
110   lbs.   per  cubic   foot. 


Required:      Class  of  Pipe  required. 
Solution:      Assume  Class   B   bedding   -    stone  etc. 
Be      =      4+2    (.42)    -      4.8V 

H/Bc     =   35/4.814      =     7.23 

from   chart  15  &    for  rstj  p    =     +   0.35 

where      rsd  =  +   0.5   to  +   0.8   for  ordinary   foundations 

&     p      =0.7   assumed. 

Transition  ratio  Bd/Bc  =  2  .  42 
.  .   Transition  width  =  2.42  x  4.84  =11.5' 

Since  the  above  pipe  is  being  installed  in  a  trench  having 
a  width  of  7 '   .'.   trench  conditions  prevail. 


for  Class  B  bedding        Lf  -  1.9  (from  chart  29  ) 

2 

Wc  =  Cd  w  Bd   where  Wc  =  load  on  pipe  (plf)  . 

Cd  =  load  calculation  coefficient 
w  =  unit  wt.  of  backfill  soil 
Bd  -  width  of  trench 
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(Jot ermine      Cd   from  graph  #      L'l  for   sand  and    gravc-L 

liuckQI  1    (curve   BJ      &      1I/M  =   3S/7      =      5 

Cd   =   2.1+  (From   Page   29) 

Wc   =    2JI   x  11U   x   7         =      12,930      plf. 

For   reinf.    concrete  pipe        S.F.    =   l.U 

.    .    Safe   supporting  strength  =      field   supporting  strength 

factor  of   safety 

=   12930        -  12,930  plf. 
1.0 


Since    field   supporting  strength  =   3    edge   brg.str.    x   load   factor 

.    .    Req'd   3   edge  brg. strength  =  max. field   load   x   factor  of  safety 

load   factor 

=    12930   x   1.0  -      6810   plf. 

1.9 


req'd  D  load  to  produce  a    0.01"   crack 

=     Req'd   3   edge   brg. strength/int .dia .of  pipe 
=    6810/L+  =   1702      plf /foot    of  dia. 

from  pipe    spec's.      ASTM     C -7 0-68      (Page    5) 
need   Class   IV  which  has  a    D  load   of 
2000  plf/ft.    of  dia. 
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Earth  Loads  on  Embankment  Conduits 

Embankment  conduits,  as  the  name  infers,  are  those  placed 
under  fills  or  embankments.   Trench  conduits  having  extremely  wide 
trenches  are  also  to  be  included  in  this  category. 

Figure  1   of  the  introduction  illustrates  the  three  types  of 
embankment  conduits,  the  positive  projecting,  negative  projecting 
and  induced  trench.   Each  of  these  classifications  will  be  very 
briefly  explained  as  follows. 

Positive  Projecting  Conduit 

This  condition,  as  illustrated  in  figures  16   &  17   occurs 
when  a  pipe  is  installed  in  shallow  bedding  with  the  top  of  the  pipe 
projecting  above  the  surface  of  the  original  ground  or  compacted 
fill  at  the  time  of  construction,  and  then  covered  with  earth  fill. 


Settlements  Which  Influence  I  o.ids  on  Fmkinkment 
Conduits —  Incomplete  Projecting  Condition 

Top  of  Embankment 


Plane  of  Equal  Settlement 


O 
t- 


Interior 
Pri  sm 


Exterior 
Prism 


Critical 

Plane 


I  .        |(  Plane 


F'ig.    16 


Settlements  Which  Influence  Loads  on  Embankment 
Conduits  —  Incomplete  Trench  Condition 


ssxTrn?; 


Tep  of  En' bar  Went 


\ 


Plane  of  Equal  Settlement 


Interior  Exterior 

Prism  Prism 


I    Critical 
Plane-, 

*   *    I  /  SJ  S 


/* 


fig.    17 
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The  load  on  the  conduit  can  be  calculated  by  the  formula  - 

Wc   -  Cc  W  B2 
c 

where    Wc  =   earth  load  on  pipe      p.l.F. 

Cc   =   load  coefficient  for  positive  projecting 
embankment  conduit. 

W   =   unit  weight  of  backfill  p.c.f. 

Be  =  outside  horizontal  diameter  of  conduit  (ft) . 

There  are  two  ways  in  which  the  load  can  act  on  the  pipe 
dependent  upon  the  relative  settlement  of  the  pipe  and  the  adjacent 
earth  prisms.   Figure  16   illustrates  the  case  where  the  load  on  the 
pipe  is  greater  than  the  dead  load  of  earth  above  the  top  of  the 
conduit . 

In  Figure  17  the  frictional  forces  relieve  some  of  the  total 
dead  load  acting  on  the  top  of  the  pipe. 

Load  Coefficient,   Cc 

This  coefficient  is  dependent  upon  the  ratio  of  height  of  fill 
to  horizontal  width  of  conduit,  H/Bc.  the  coefficient  of  internal 
friction  of  the  soil,/i,  the  projection  ratio,  p,  and  the  settlement 
ratio,  rsd  . 

For  design  purposes  a  value  of  O.G  is  recommended  for  the 
coefficient  of  internal  friction  of  the  soil, jx   . 

The  projection  ratio,  p  ,  can  be  defined  as  the  vertical 
distance  between  the  top  of  the  pipe  and  the  original  ground  divided 
by  the  outside  horizontal  diameter  of  the  pipe. 

Unless  detailed  information  is  available,  it  .is  safe  to  assume 
a  value  of  U . 7  for  the  projection  ratio,  p  . 
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The  settlement  ratio,  rsd  ,  is  the  ratio  of  the  settlement  of 
the  earth  prisms  adjacent  to  the  conduit,  relative  to  the  settlement 
and  deflection  of  the  conduit  divided  by  the  compression  of  the 
exterior  prism.   This  is  more  clearly  explained  by  the  formula 

rSJ   =   (Sm  +  Sg)  -  (Sf  +  dc) 

^m 
where   rad  =  settlement  ratio 

Sm   =  compression  of  exterior  prisms  of  soil 
of  height  pBc 

Sg   =  settlement  of  original  ground  or  compacted 
fill  adjacent  to  the  conduit. 

Sf   =  settlement  of  conduit  into  its  bedding 
foundation. 

dc   =  deflection  of  the  vertical  height  of  the 
conduit. 

Figure  1H  further  serves  to  show  this  relationship. 

Settlements  Which  Influence  Loads 
Positive  Projecting  Embankment  Installation 

TOP  OF  EMBANKMENT 

H  -H. 
.PLANE  OF  EQUAL  SETTLEMENT 


H 

A 

ri 

(J     «< 

tk 

If 
i 

SHEARING  FORCES  INDUCED 
BY  SETTLEMENTS 

T_ 

J-i- 

ip 

"        h  V  ■* 

«■  *  it   ">  CRITICAL  PLANE 

i 

i 

F4\— 

VV  \  s 

-  Be   — 

/       1 

L  ELf 

-I   -GROUND  SURFACE 
£  it 

i 

—  INITIA 

:vation 

— 



—  FINAL 

ELEVATION 

Fig,  1H 

The  range  of  the  settlement  ratio  is  given  in  table  VI 
together  with  the  recommended  design  values  for  varying  soiL 
types. 
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DESIGN  VALUES  OF  SETTLEMENT  RATIO 


Installation  and  Foundation  Condition 


Positive  Projecting 

Rock  or  Unyielding  Soil 

Ordinary  Soil 

Yielding  Soil 

Zero  Projecting 

Negative  Projecting 

p    »  0.5  

p'  -  1.0  

p'  =  1.5  

p'    =  2.0 

Induced  Trench 

p-    ■  0.5  

p    =  1.0  

p    ■■  1.5 

p-   -  2.0 


Settlement 
Ratio  r5d 


Usual 
Range 


0.0  to  i-l.O 
t-1.0 
+  0.5  to  -0.8 

0.0  to  -0.5 

-1.0  to    0.0 


2.0  to    0.0 


Design 
Value 


•1.0 
•4?' 

-0.3 
0.0 

-0.1 
-0.3 
-0.5 
-1.0 

-0.5 
-0.7 
-1.0 
-2.0 


*N.B. 


TABLn   VI 


*  N.8.  -  other  sources  more  recent  recommend  +  0.5  and  this 
is  what  is  used  in  this  article! 


The  load  coefficient  can  be  determined  from  the  graphical 
relationship  shown  in  fig.  19      below. 
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Lo.id  Coefficient  Chart  for  Positive  Projecting  Embankment  Condition 


19         70 


Fig.    19 
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PROBLEM  #2. 


C1VEN: 


Positive  Projecting  Embankment  Conduit 

A  48"  dia.  circular  pipe  is  to  he 
installed  in  a  trench  having  a  width  of  13' 
and  a  depth  of  35 T  above  the  top  of  the  pipe 
The  pipe  is  to  be  backfilled  with  sand  and 
gravel  having  a  unit  weight  of  110  pcf. 


REQUIRED:    Class  of  Pipe. 

SOLUTION:   assume  class  B  bedding. 

From  the  previous  example,  it  was  determined  that  the  transition 

width  was  11. S  ft.  (from  Fig.  15  ). 

Therefore,  this  case  should  be  analyzed  as  a  positive  projecting 

conduit  since  the  actual  width  of  trench  exceeds  the  transition  width. 

Load  on  Pipe  =  Wc  «  CcwBc'- 

From  Fig.  19   for  H/Bc  =   35_   =7.23 

4.84 

and  for     rsdp  (assumed)    =    (+0.5)    x    (+0.7)    =  +0.35 

Cc   =   10.2  (From  Page   36) 

.'.      Wc   =   10.2  x    110   x   4.842   =   26150  p.l.f. 
Determine  the   load  factor  from  the  equation 

Lf  =  1.431 

N-xq 

for  class  B  bedding  and  from  table  VIII  (Page  7D) 

N  =  0.707 
since  70%  of  the  pipe  is  subjected  to  lateral  earth  pressure  for 

class  B  bedding     i.e.   m  =  0.7 
from  Table  VTTT  x  =  0.594 
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From  equation  q  = 


mk       fu_     +  m  ] 
Cc       ^  Be  2 J 


one   can  determine  the   ratio  of  total  lateral  earth  pressure   to   total 

vertical   load  on  the  pipe. 

m=    0.7,    k  =   0.33    (assumed) 

Cc  =10.2    (from  above) 

q   =   0.7   x   0.33      (7.23  +   0.7)        =   0.173 
10.2  2 


Lf  =  1.431 =    2.37 

0.707   -    0.594  x   0.173 


for  reinforced  concrete  pipe,  the  factor  of  safety  is  equal  tu  one, 


Required  D-Load  =   Wc  x  F.S. 

Lf  x  Dia. 


25150  x  1.0  *   27GO  pif/ft.  of  dia. 
2.37  x  4.0 


.'.   A  class  V  pipe  (C-76-68)  is  required  (class  B  bedding) 
D  load  =  3000  plf/ft.  of  dia.      (From  Page  5) 
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Negative  Projecting  Conduit: 

This  eaLcgory  is  illustrated  by  fig.  -L^2  presented  en  el  .lev   in 
this  article  and  represents  by  the  situation  where  a  conduit  is 
installed  in  a  shallow  trench  with  the  top  of  the  conduit  being 
below  the  original  ground  surface  and  then  an  embankment  is  backfilled 
above  the  original  ground  surface. 

The  load  on  a  negative  projecting  conduit  is  determined  by  the 

formula^ 

2 
Wc  =  Cn  w  Bd 

where  Wc  =  fill  load  p.l.f. 

Cn  =  load  coefficient  for  negative  projecting  conduit 

w  =  unit  weight  of  fill  material  (p.c.f) 

Bd  =  width  of  trench  (ft) . 

Load  Coefficient,   Cn 

This  factor  can  be  determined  from  fig.  20,  21,  22,  and  23 
and  is  dependent  upon  the  ratio  of  the  height  of  cover  to  the  width 
of  trench  (H/Bc)  ;  the  value  of  the  projection  ratio,  (p')  ;  the 
settlement  ratio  (rsd) ;  and  the  product  of  Rankings  ratio  and  the 
coefficient  of  internal  friction  (Kji)  . 


-   262    - 


COMPUTATION  DIAGRAM   FOR    SOIL  FILL  LOADS  ON 
NEGATIVE   PROJECTING   EMBANKMENT  CONDUITS 

AND 
IMPERFECT  TRENCH  CONDUITS 


VAj^E^OFLOAD  COEFFJC I ENT  _Cn 
FIGURE    20 
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COMPUTATION  DIAGRAM   FOR   SOIL  FILL   LOADS  ON 
NEGATIVE  PROJECTING    EMBANKMENT   CONDUITS 

AND 
IMPERFECT  TRENCH  CONDUITS 


XOD 


VALUES  OF  LOAD  COEFFICIENT    C, 


FIGURE     21 
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COMPUTATION   DIAGRAM   FOR   SOIL  FILL  LOADS  ON 
NEGATIVE  PROJECTING   EMBANKMENT  CONDUITS 

AND 
IMPERFECT  TRENCH  CONDUITS 


VALUES  OF  LOAD  COEFFICIENT  Cn 

FIGURE    22 
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COMPUTATION  DIAGRAM   FOR   SOIL  FILL  LOADS  ON 
NEGATIVE   PROJECTING  EMBANKMENT  CONDUITS 

AND 

Imperfect  trench  conduits 


VALUES  OF  LOAD  COEFFICIENT  C 


FIGURE  23 
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For  negative  projecting  embankment  conditions  the  coefficient  oi 
internal  friction,  IA,  is  assumed  to  be  0.2   Therefore  the  product 
K^  =  0.13. 

The  projection  ratio,  p',  for  this  type  of  installation  is  the 
distance  from  the  top  of  the  pipe  to  the  surface  of  the  original 
ground  at  the  time  of  installation  divided  by  the  width  of  the  trench. 

The  settlement  ratio,  rsd ,  can  be  defined  as  the  ratio  of  the 
difference  in  settlement  of  the  firm  ground  surface  and  the  critical 
plane  to  the  compression  of  soil  in  the  trench. 

i.e.         rsd  =  Sg  -  (Sd  +  Sf  +  dc) 

Sd 

where  rsd  =   settlement  ratio 

Sg   =   settlement  of  the  firm  ground  surface 

Sd   =  compression  of  trench  backfill  over  the 
height  p 'Bd 

Sf   =   settlement  of  the  bottom  of  the  trench 

dc   ■  deflection  of  the  conduit 

The  numerical  value  of  the  settlement  ratio  is  negative  since 
the  interior  prism  as  illustrated  in  fig.  24   settles  more  than  the 
exterior  prisms.   The  example  problem  which  follows  demonstrates  that 
the  load  on  a  conduit  is  reduced  when  this  type  of  installation  is 

used. 

The  range  of  the  value  of  the  settlement  ratio,  has  been  determined 
experimentally,  to  be  between  0  &  -2.0.   However,  it  is  recommended  that 
a  design  value  of  -0.3  be  used. 

The  classification  chart  (fig.  1   )  subdivides  the  negative 
projecting  conduit  installation  into  two  sub-categories,  complete 
and  incomplete  trench  condition.   Fig.  24   &  25    illustrate  the 
difference  in  these  conditions. 
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Induced  Trcncli  Conduit 

This  type  of  installation  utilizes  the  Marston  Theory  in  reducing 
the  loads  acting  on  a  pipe  to  a  value  below  any  other  of  the  previous 
methods  mentioned  above.   Fig.  20  features  the  method  of  construction. 


Settlements  Which  Influence  Load: 
Induced  Trench  Installation 

TOP  OF  EMRANKMENT     


H'     Pi  ANE  OF  EQUAL  SETTLEMENT 


L    SHEARING  FORCES 

"   INDUCED  BY  SETTLEMENTS 


^=t= 


pBr 


5d  •  Si  ■  d. 


INDUCED 
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COMPRESSIBLE 

I      MATERIAL      J 


z" — BUILT  UP 


1        EMBANKMENT 
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FINAL  ELEVATION 


rij5.     2U 
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The  pipe  is  installed  in  the  same  manner  as  a  positive  projecting 
conduit  and  the  backfill  is  compacted  for  a  width  equal  to  twice  the 
outside  diameter  of  the  pipe  up  to  an  elevation  of  at  least  one  pipe 
diameter  over  the  top  of  the  pipe.   Next  a  trench  is  excavated  directly 
over  the  pipe  (not  necessarily  right  down  to  the  top  of  the  pipe  barrel) 
The  width  and  depth  of  this  trench  should  be     equal  to  the  outside 
pipe  diameter.   This  trench  is  then  refilled  with  loose  compressa bio 
material  such  as  straw,  sawdust  or  organic  soil.   More  than  one  such 
induced  trench  may  be  constructed  in  the  embankment  over  the  pipe.  The 
balance  of  the  embankment  fill  is  then  completed  as  for  a  positive 
projecting  conduit  (in  lifts  of  12"  usually)  . 

The  load  on  the  pipe  for  the  induced  trench  method  is  reduced  by 
the  upward  shearing  forces  which  are  generated  due  to  the  re  La  Live 
settlement  of  the  interior  prism  with  respect  to  the  adjacent  fill. 

The  formula.   Wc  =  Cn  w  Bd2  is  used  to  determine  the  magnitude 
of  the  load  on  the  pipe  and 

Wc  =   fill  load     p.l.f. 

Cn  =  load  coefficient  for  induced  trench  condition 

w   =  unit  weight  of  fill  material    p.c.f. 

Bd  =  width  of  trench  (or  outside  diameter  of   pipe) ft. 

It  is  important  to  remember  that  the  width  of  trench  should  be 
kept  to  a  minimum  (equal  to  Be)  . 

A  settlement  ratio,  equal  to  -  1.0  is  recommended  for  induced 

trench  conditions. 

The  load  coefficient  is  determined  from  the  same  fig.  20 .  21,  22,  2i 
as  for  negative  projecting  embankment  conduits.   Since  the  difference 
in  the  value  of  the  settlement  ratio,  the  value  of  the  Load  coefficient 
will  be  smaller  for  the  induced  trench  condition. 
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Tliis  typo  of  construction  has  also  been  used  with  great  success 
in  relieving  the  load  anticipated  when  an  existing  sewer  is  to  be 
surcharged  with  an  earth  embankment  or  even  a  railroad  live  loading. 
This  avoids  the  need  to  replace  the  pipe  with  one  of  superior 
strength.,  or  to  improve  the  existing  bedding. 
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PROBLEM   #3. 
GIVEN: 


o 


Negative  Projecting  Embankment  Conduit 

A  48"  diameter  concrete  pipe  is  to 
be  installed  under  a  height  of  fill  of 
3<d   feet  as  illustrated.   The  pipe  is  to 
be  placed  in  a  narrow  trench  having  a 
7  ft.  width  and  the  top  of  the  pipe  is 
about  S  ft.  below  the  level  of  the 
original  ground.   The  unit  weight  of 
the  backfill  is  110  pcf. 


~ti 

& 
a 


REQUIRED:   To  determine  the  class  of  pipe  required. 
SOLUTION:   From  the  definition  of  the  classification  of  pipe 
installation  earlier  in  this  article,  one  can  see  that  this  problem 
should  be  treated  as  a  negative  projecting  conduit. 
The  load  is  determined  by  the  formula, 

Wc  =  Cn  W  Bd2 
for  H/Bd   =  35/?  =    5  and  for   rsd  =  -0.3  see  recommendation  page  <il. 


p  Be  =  5'  (given) 

.-.  p  =  s/4.84  as  l.o 

from  Fig.  21 


Cn  =  3.3 


Wc   =  3.3  x  110  x  72  =  17800  p.l.f. 

It  is  assumed  that  similar  field  practices  will  be  taken  as  per  a 
trench  condition  installation.   This  assumes  that  active  lateral  earth 
pressure  will  not  assist  in  supporting  the  load  on  the  pipe. 

Therefore,  the  load  factor,  Lf,  will  be  the  same  as  lor 
class  I!  bedding  for  a  trench  condition. 
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from  Fig. 29    Lf  =  1.9 

.*.  Required  D-load  =   Wc  x  F.5. 

Lf  x  Dia. 


=  17800  x  1.0   =  234Q  p>1#f#/ftB  of  dia. 
1.9  x  4.0 


From  C-7b-(i8  specifications 

Class  V  pipe  has  a  D-load  of  3000  plf/ft.  of  dia.  (From  Page  5) 

Note  that  if  the  lateral  earth  pressure  is  assumed  to  be 
effective  in  relieving  some  of  the  load  on  the  pipe.   (ie  if 
adequate  care  is  taken  during  construction  in  bedding  and 
compacting  the  earth  on  the  sides  of  the  trench,  then  the 
load  factor,  Lf,  can  be  determined  from  the  formula: 

Lf  -  1.431 


N-xq 


Where  q  =  mk 
Cc 


\Bc      2/ 

/35_  +   0.7  ) 

\4.84     2  / 


=  0.7  x  0.15 

O 


■  0.240 

TABLE  VIII 


N  =  0.707  •,  x    =  0.594 


L~  =  J-^31  =   2.53 

f    0.707  -  0.504  x  0.240 

Required  D  Load  1.9    x  23W        =  1755  p.l.f./ft.  of  dia, 
2.53 


from  C-76-68  specifications  a  class  IV  pipe  is  adequate 
(D  load  =  2000  plf/ft.  of  dia.)       (From  Page  5) 
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PROBLEM  #4 


Induced   Trench  Method 


Given      :      A   48"   diameter  pipe   is    to  be  installed  by   the    induced 

trench  method.      The    height    of  cover  over   the    top   oi  the 
pipe   is    35    feet.      The  pipe   is   to  be   installed    in  an 
embankment    consisting  of  sand  and   gravel  weighing  1LU   lbs, 
per   cubic    foot.      The  depth  of  straw   in   the   induced   trench 
is  to  be  assumed    to  be   equal  to  the  outer  diameter  of   the 
pipe.      The  width  of   the   induced  trench  is  assumed   to  be 
equal   to    the  outer  pipe  diameter. 

Required:        Determine   class  of  pipe   required. 


fl-35 


4-34 


Solution:        Assume  Class  B  bedding 

gc  =  4.H4'   as  before 

11/ Be   =   3  5  /  M-.B'I    =   7.23 
from   Chart   21  &    for   rsd        =      -   1.0 

and   fur  p'      =  1.0  •*•    rsdp1    =  -  l.D 

Cn      =    3.8 


.   Wc     =   Cn  w   Bd 


=    3.8   x   110  x   4.84' 


9,770  p.l.f. 
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The   load   factor   for   the   induced   trench   is   determined   in 
the   same  manner  as   for  the  positive  projecting  conduit   except   that 
a    larger  value  of  q  will  be  applied   to  account   for   the    settlement 
of  the   loose  compressible  material. 

Lf     =     1.131 
N    -   x   q 

for   Class    B   bedding        &        m      =      0.7 

N      =      0.707       ,      x     =     0.S94  (From   Table   VIII) 

q      =      mk      (H     +      m   ) 
Cc      (Be  2   ) 

=      0-7    x    .33         f  7.23  +      .7      ) 
3.8  2 

=      0.1+61 

Lf  =  1.H31 =     3. 3D 

.707  .594  x    .1+61 


Required  D  load      =     Wc     x      F.S. 

Lf     x     dia , 


=     9770   x  1.0  =       740   p.l.f ./ft.dia. 

3.30   x  4.0 


which  from  C -7 6-68  specifications 

requires  a  Class  II  pipe   (1000  p.l.f./ft.of  dia.)    (From  Page  5) 
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EARTH  LOADS  ON  TUNNEL  INSTALLATIONS 


When  it  is  necessary  for  reasons 
such  as  excessive  depths  or  conflict 
with  surface  works  or  uses,  a  tunnel 
installation  may  be  selected.   The 
load  on  the  pipe  may  be  calculated 
from  the  formula: 


Wt  =  C+.  W  B  ' 
r    t 


-  2c  Ct  B 


Where:   Wt  =  earth  load  on  tunnel  (p.l.f.) 
W  =  unit  weight  of  soil   (p.c.f.) 
Bt  =  maximum  width  of  tunnel  excavation  (ft. ) 
c  =  coefficient  of  cohesion   (p.s.f.) 
Ct  =  load  coefficient  for  tunnel  installation 
This  formula  is  limited  in  use  to  homogeneous  soils  with  even 
distribution  of  stresses  being  subjected  to  the  pipe.   The  values 
of  the  coefficient  of  cohesion  are  listed  as  follows: 

(P.s.f.) 


clay  -  very  soft 
medium 
hard 

sand  -  loose,  dry 
silty 
dense 

top  soil  -  saturated 


40 

-  250 

-  1000 

0 
_   100 

-  300 

-  100 


If  actual  soil  tests  have  been  taken  to  determine  this 
value,  the  amount  should  be  reduced  by  33%,  to  allow  for  a  possible 
variation  in  the  overall  soil  body. 
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The  load  coefficient  is  determined  from  fig.  ^7 
it  is  interesting  to  note  that  these  values  are  the  same  as  the 
load  coefficient  for  trench  conditions. 

The  designer  should  be  aware  that  if  any  voids 
are  left  between  the  tunnel  wall  and  the  surrounding  earth, 
then  no  cohesion  will  take  place  and  the  load  on  the  tunnel 
will  be  the  same  as  for  the  trench  conduit  installation. 
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Values  of  coefficient  c, 

V*i  l-f^  of  C'i  k>k  Tuwvu  Loading 


rig.  27 


For  properly  constructed  tunnels  with  excellent 
contact  between  the  pipe  walls  and  the  surrounding  earth,  a  load 
factor  of  3.0  is  recommended.   Conversely,  if  the  contact  area  is 
poor,  and  voids  exist,  a  factor  of  1.9  should  be  used. 


PROBLEM  #5 


GIVEN: 


^H=55 
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Tunnel  Installation 

A  48"  dia.  pipe  is  to  be  jacked 
through  an  ordinary  clay  (unit  weight 
=  11U  pcf)  at  a  depth  of  3S  ft.  over 
the  top  of  the  pipe.   Assume  the 
maximum  width  of  excavation  is  S  ft. 


WELL  GKCUTED 


REUIRED : 
SOLUTION : 


Determine  the  class  of  pipe  required. 

From  Fig.  27     for  H/B  =   35  =  7.0 

5 


and  for  ordinary  clay        Ct  =  3.3 
from  table  for  values  of  cohesion,   c  =  100  (psf) 

(to  be  conservative) 

•*•  Wt  =  Ct  W  Bt2  -  2c  Ct  Bt 

=  3.3  x  110  x  52  -  2  x  100  x  3.3  x  5 

=  S780  p.l.f. 
Assuming  that  the  voids  between  the  earth  and  the  pipe  will  be 
grouted  after  the  jacking  operations  have  been  completed,  a  load 
factor  of  3.0  can  be  conservatively  estimated. 


Required  D  load 


=  Wc   x  F.S. 
Lf  x   Dia. 

=    5780   x  1.0      B      481  pif/ft.    of  dia. 
3.0  x  4.0 


From  C7b-u8   specifications,   a  class   II  pipe  would  be   required. 
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Problem  #  G 


Multiple  Installation 

A  48"  dia.  storm  sewer  is  to  be 
installed  in  the  same  trench  as  a 
12"  dia.  sanitary  sewer.   Inverts 
are  to  be  level,  height  of  cover 
over  the  48"  dia.  pipe  is  35  ft. 
Both  pipes  are  to  be  bedded  in 
1500  p.s.i.  concrete  to  springline. 
The  backfill  material  weighs  120  p.e.f 
(ordinary  clay) 


Find:   The  class  of  each  pipe  required. 

Solution: 

Analyze  the  12"  dia.  pipe  first.   The  barrel  of  the  48" 
dia.  pipe  is  sufficiently  rigid  to  assume  that  the  width  of  trench 
for  the  12"  dia.  pipe  is  equal  to  Bd    The  load  on  the  pipe  from 


4. 

the  Marston  formula  is  Wc  =  Cd  W  Bdj 
for  H/nd  =   35  +  4.42  -  1.08 


38.34 
2.17 


=   17.65 


1.17  +  2x0.b 
From  figure  14    for  ordinary  clay 

Cd  =  3.85 
Wc  =  3.85  x  120  x  2.172   =  2170  p.l.f. 

From  the  illustration  above,  one  can  observe  that  prism 
BEFG  will  settle  more  than  the  adjacent  prism  ABCD. 

The  magnitude  of  the  shearing  forces  can  be  determined 
as  one-half  of  the  difference  of  the  weight  of  the  prism  BEFG 
and  the  load  calculated  according  to  the  Marston  formula. 
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Wt.  of  Prism  REFC  -  38.3<+  x  2.17  x  1  x  12U  =  9,99a   p.l.l".   The 

upward  frietiunal  force  on  each  side  of  the  Prism  BEFG  is 

9,99D  -  2170  =  3910  p.l.f. 
2 

This  force  also  acts  downward  on  the  face  of  the  adjacent  Prism  ABCD. 

Analyzing  the  48"  dia.  pipe;  H/Bd,  =  35/5.33  =  4.b7  (where  Bdi  =  Bd~Bd2) 

from  fig. 14  Cd  =  2.7U 

2 
Wc  =  2.7G  x  120  x  5.33  =  9180  p.l.f. 

Wt  of  Prism  ABCD  =  35  x  5.33  x  1  x  L20  =  22,300  p.l.f. 

Upward  shearing  forces  on  planes  AB  &   BC  =  22300  -  'J1H0  =  0560  p.l.f 
•  •  2 

Therefore,  the  load  acting  on  the  48"  dia.  pipe  is  the  dead  load 

less  the  upward  shearing  forces  plus  the  downward  shearing  forces 

or  Wc  =  22300  -  6560  +  391D  =  19G50  p.l.f. 

For  the  12"  dia„  pipe 

Required   D  load  =  Wc   x   F.S.    =    2170  x   1.5  =   1550  p.l.f ./ft   of  dia. 

Lf  x  dia.     2.1  x  1.0 

Require  ASTM  C-lh     (-7D  -  Class  1) 

(18DD  p.l.f. /ft.  of  dia.) 

For  the  48*  dia.  pipe 

Required  D  load  =  Wc  x  F.S.   =  19650  x  i.q  =  23W)  p.l.f. /ft. 

Lf  x  dia.      2.1  x  4.0     of  dia. 

require  class  V     ASTM  C-76-68 

(31)00  p.l.f. /ft.  of  dia.) 

Note:   The  load  factor  is  assumed  to  be  somewhat  better  than 

Class  B  but  less  than  the  value  of  Class  A  (cradle) 
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Calculation  of  Live  Loads  on  Buried  Conduits 

So  far  in  this  article,  the  attention  has  been  focused 
un  the  determination  of  dead  loads.   If  a  buried  conduit  has  been 
installed  with  only  a  shallow  depth  of  cover,  say  up  to  4  feet, 
then  the  magnitude  of  the  effect  of  any  applied  live  load  should 
also  be  considered. 

Live  load  can  be  defined  as  either  heavy  truck  traffic 
or  railroad  loading.  Airport  live  loading  or  railroad  loading 
will  not  be  discussed  due  to  the  lack  of  time. 

Highway  Loading 

There  are  two  types  of  pavement  to  be  considered  in 
the  analysis  of  highway  loading  -  flexible  (asphaltic  or  gravel) 
and  rigid  (concrete).   Naturally,  as  would  be  expected,  the 
distribution  of  applied  loads  differs  for  the  two  types.   This 
article  will  only  discuss  the  effect  of  applied  loads  on  buried 
conduits  under  flexible  pavements. 

Allowable  axle  loads  vary,  with  the  limit  of  18,000  to 
20,000  lb.  per  single  axle  being  common.   Therefore,  the  single  wheel 
loading  with  dual  tires  con  be  taken  to  be  10,000  lb.   This 
loading  is  more  frequently  designated  as  H-20  loading. 

Normal  truck  tire  pressure  is  80  p.s.i. 

The  total  live  load  transmitted  to  on  underground 
conduit  can  be  determined  by  calculating  the  volume  of  the 
pressure  intensity  diagram  illustrated  in  figure  28   below.   This 
volume  is  closely  approximated  by  an  elliptical  cylinder  and  ellipsoid. 


-    280    - 


I  i\,  !.<»■  ,!  I'i     •  '.■:  ivi>Uit-i  linn  o.i  Un:*.  .,.•    t  i  ■'  v 


Load 


Sui  face 


I'iS-    28 


With  reference  to  figure  28   ,  the  total  live  load  per 
lineal  foot  of  pipe  is  determined  by  the  equation 

Wj-.  =fl~WL  (2pi  +p2>   where  Wc  =  total  live  load  transmitted  to  the 

1,  +  2H 

conduit  (p.l.f.) 

7?"  =  3.1416 

W  =  width  of  loaded  area  (in) 

L  =  length  of  loaded  area  (in) 
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Pi  =  vertical  unit  pressure  at  the  centre 

of  the  conduit  (p.s.i.) 
P2  =   vertical  unit  pressure  at  the  outside 
dia.  of  the  conduit  (p.s.i) 
The  values  of  the  vertical  unit  pressures,  p^  and  p2, 
can  be  calculated  by  the  Boussinesq  theory  which  states  that  the 
application  of  a  concentrated  vertical  load  to  the  horizontal 
surface  of  any  solid  body  produces  a  set  of  vertical  stresses  on 
every  horizontal  plane  within  the  body. 

Figure  29   shows  the  distribution  of  live  load  for  dual 


tire  truck  loading. 


Limiting  Load  Distribution  for  Typical 
Dual  Tire  Truck  Loading 


Fig.  29 


For  this  type  of  loading,  the  formula  Ac  =  P 

Po 
is  used  to  determine  the  relationship  of  the  contact  area, 

Ac  (in.2),  between  the  tire  and  the  ground  surface,  the  total  load 

carried  by  a  single  wheel,  P  (lb)  and  the  tire  pressure  (p.s.i.),  Po 

The  contact  area  is  approximately  rectangular  in  shape 
with  the  length  about  40%  greater  than  the  width. 
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Therefore  *   lc  -  /  l.M-P     &     Wc  =  /   P 

*   ~Po~  V  1-4  Po 

where  le  &  We  are  the  length  and  width  of  the  tire  contact  area  (inches) 
respectively. 

The  effective  area  over  which  the  distributed  load  acts 
on  a  buried  conduit  is  limited  to  the  outside  pipe  barrel,  Bc 
and  the  length  is  determined  from  the  distribution  diagram  (fig.  29) 

Tliis  can  be  equated  as  L  =  1.0  +_Z  II 

3 


where  L  =  length  of  loaded  area  (ft) 

!l  =  height  of  fill  above  top  of  pipe  (ft) 

Impact  Factor 

The  following  table  lists  the  recommended  range  of  impact 

factors  for  depths  of  cover  less  than  5   ft. 

Impact  Factors  for  Traffic  Loads 
Height  of  Cover  Impact  Factor 

01  _  i'_u  3Q% 

j_t_1"  _  2'-U"  20>,; 

2*-lM  -  2  '-11"  10^'' 

3'-U"  -  and  over  Q 

The  table  below  lists  the  total  live  load  for  various 
pipe  sizes  and  depth  of  cover.   This  is  a  tabulation  of  the  results 

of  solving  the  equations    &=  U    WL  (2p,  +  p2) 

L  +  2M 

It  should  bc  noted  that  the  values  of  p]_  and  pg  m,lst  Ik' 

determined  by  the  solution  of  the  Houssinesq  equation  which  is 

presented  in  soil  texts. 
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Effect  ol"  more  than  one  wheel 

Two  passing  trucks  may  cause  twice  the  distributed  live 


load  to  be  tran 


smitted  to  the  buried  conduit  as  illustrated  below: 


'Fi?Jf.G&      /-'Viz.      Zcy?p 


Table  VII  below  is  a  tabulation  of  the  live  load  on  a 
conduit  lor  various  pipe  sizes  and  depths.   (Due  to  single  wheel) 


RATA:   IC.Ci'O  FotnJ  Win  el  Lt>  -J       Baal  Tim* 


ivi 


77 

fci 

w      I 

£843 

(1C-1! 

'ii-u     i 

ji.'.a 

4S50 

4453 

3-160 

3*0 

34,58 

25HO 

25G0 

2580 

1875 

1875 

1 P75 

1526 

1576 

1625 

1221 

1221 

1221 

1185 

nas 

lie:. 

S9S 

998 

OJ8 

. 

InliHH'l.l"-  (<  '   ink-nr,ctliw  VI 


TABLH    VII 
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Problem  #  7   -  Live  Load 


A  48"  dia.  sewer  is  to  be  installed 
under  an  asphaltic  road  surface  at, 
a  depth  of  cover  of  2'-Q"  in  a  trench 
condition  (width  of  excavated  trench 
=  7  ft.)  Assume  Class  B  bedding  and 
granular  backfill  weighing  110  p.c.f. 


Find:   The  class  of  pipe  required. 

Solution:   From  Table  VII  (page  63)      W|_  =  1675  P-l-f- 

For  H=2'  Impact  Factor  =  I„   -   1.20 

.".   Effective  total  live  load  =  U,_  x  If  =  1875  x  1.20  =  2250  p.l.f, 

Effective  dead  load  can  be  calculated  from  the  formula 
Ud  =  Cd  u  Bd2 

for  H/B  .  =  2/7  =  0.29 
d 

From  fig.  14  (page  29)     Cd  =  0.27 
Wd  =  0.27  x  110  x  72  =  1456  p.l.f. 

Total  load  on  pipe  =  Wd  +  U.    =  1456  +  2250   =  3706  p.l.f. 
for  Class  B  bedding  Lf   =  1.9 
Required  D-load  =   /  Ud  +  UL  \  x  F.S. 

Lf  x  Dia. 

3706  x  1.0   =   487  p.l.f. 
1.9   x  4.0 

which  from  C-76-6B  specifications 

requires  a  Class  II  pipe    (1000  p.l.f. /ft. of  dia.) 
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LOAD  FACTOR 


The  in-place  supporting  strength  of  a  rigid 
conduit  depends  upon  the  inherent  strength  of  the  pipe,  the 
type  of  the  foundation  beneath  the  pipe  and  the  degree  of 
compaction  of  the  fill  material  adjacent  to  the  pipe. 

The  inherent  strength  of  the  pipe  can  be  taken  as 
the  resistance  to  the  3-edge  bearing  test  which  gives  the  most 
severe  loading  to  which  the  pipe  will  be  subjected. 

The  designer's  task  is  one  of  selecting  the  most 
economical  combination  of  pipe  strength  and  pipe  bedding 

classes . 

To  relate  this  inherent  strength  to  the  in-place   supporting 
strength  a  load  factor  is  applied.   This  factor  considers  how  the 
distribution  of  total  vertical  load  varies  with  quality  of  the 
contact  between  the  bedding  material  and  the  pipe  and  is  the 
value  by  which  the  manufactured  strength  can  be  increased  to 
account  for  the  actual  supporting  strength  encountered  in 
field  conditions. 

The  load  factor  is  also  dependent  upon  the  magnitude 
of  the  lateral  earth  pressure  and  the  area  of  the  pipe  to  which 
tliis  pressure  is  subjected. 

In  other  words,  the  load  factor  is  the  field  supporting 
strength  divided  by  the  strength  determined  by  the  3-edge  bearing 
test.   Load  factors  have  been  determined  experimentally  for 
typical  trench  and  embankment  conditions. 

A.  Trench  Conduit  -  Tor  trench  conduit  installations  there  are  four 
classes  of  bedding  commonly  used.   These  are  described  in  figure  29 
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Trench  Hodilings 


CLASS    A 

Reinforced  A,"    1.01    L  f  "    4.S 

Reinforced  A,"    0.4",    L  f  '    1.4 

Plain                                        Lf  2.8 


Plain  Of    Reinforced 
Contiere    2000  pn   mm. 


H  if*;  ■■■.  y 

CONCRETE  CRADLE 


.1.  I  D 


OiJnu'ar    Vare-r*ol 


CONCRETE  ARCH 


F  im  Granular 
Fill  Malenal' 


0.4    Bc     r— 


SHAPED  SUBCRADE  WITH 
GRANULAR  FOUNDATION 


^     CompdcrlgJ 

Granular    fAof*fial 


CRANULAR   FOUHDATION 


1/8  H- 

fi"  mm. 


<3»,SW/V 


CLASS   C 

Lf  s  15 


-  Lightly 

Compacted 
Boctlill    - 


>/6  Bc 
d 


SHAPED  SUBGRAOE 


I'" 

GRANULAR   FOUNDATION 


CoinpQtl->r  Gia.ru. a. 
M  ]  1  e  r  i  a  I    or 
Orjnsifly   Compacrftd 

Backfill 


Looib- 
Backfill 


CLASS    D 

Lf  =  1.1 


Legend 


$^r^\~ 


Bc    "   Outitds    diomeT»f 
H      »  backfill  cover  otove  top  of  pipe 
D     -   miid*  dioTitiet 
d      -  depth  of  bedding  material 
below  pip* 

*&,  -  Qfto  of  t'omvffis  jte*l  In  ihe 
cradle  or  areh  8npres*ed  at  a 
peicentngc-  o\  ureu  of  concrot* 
ar   invert  of  crov*f>i 


Malc-ml    Btrly-    P. pa 


D 

4 

rwifli  1 

2!"  S.   .".oiler 
3D"  to  60  ' 

r 

i 

*■ 

66'  4    larger 

1 

6" 

FLAT  SUBGRAOE 


NOTE:  For  roclt  or  other  i nc ompre v Mb'e  materia'.,  the  trench 
should  he  rjienuovaled  a  minimum  ol  6  inche.  and 
infilled  wilh  aiunula*  material. 


Fig.    29 
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H.  Encasement 

Where  the  required  safe  supporting  strength 
cannot  be  obtained  by  the  use  of  one  of  the  above-noted 
bedding  selections,  the  pipe  can  be  encased  in  concrete. 
Figure  30   shows  the  increase  in  supporting  strength  (plf) 
due  to  various  thicknesses  of  encasement.   For  a  compressive 
strength  of  concrete  other  than  3000  psi  the  values  should  be 
proportioned  accordingly. 

To  illustrate  the  use  of  the  chart  the  following 
example  is  given. 

Assuming  a  2T  diameter  concrete  pipe  is  to  be  encased  with  6,T 
of  2000  psi  concrete.   From  Figure  30   one  can  see  that  the 
increase  in  supporting  strength  is  12500  plf  for  3000  psi  concrete 
Frofessor  Spangler,  in  answer  to  a  questionnaire  on  the  use  of  this 
chart,  advised  that  the  values  of  increase  in  supporting  strength 
should  be  reduced  by  7/10  in  order  to  equate  the  value  to  the 
increase  in  3-edge  bearing  strength. 

Therefore,  for  this  particular  assumed  example  the  increase 

in  supporting  strength  =  12,500  x  7/10  x  2000   -   S830  pl[- 

3000 

Assuming  type  II  bedding,  the  load  factor  is  1.9  (see 
figure  l'l  .   Also  assume  class  III  pipe  meeting  ASTM  specifications 
C-7(j-G8.   Therefore,  the  3-edge  bearing  strength  is  2700  plf  (see 
TABLL:  T  )  .   Therefore,  the  safe  supporting  strength  =  load  factor 
x  3-edge  bearing  strength. 

or  Safe  supporting  strength  =  1.9  (2700  +  5830) 

-  lb, 200  plf. 
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Note  that  on  analyzing  this  same  pipe  for  unengaged 
conditions  the  safe  supporting  strength  =  1.9  *  2700  =  5130  plf. 
Encasement  in  this  case  represents  an  increase  in  safe  supporting 

strength  of    lh200  -  513U  1(J0   =  2lb% 

5130 

C.  Embankment  Conduits 

The  active  suil  pressure  against  the  sides  of  the 
pipe  aids  in  the  support  of  the  applied  loads.   Like  the  trench 
condition,  the  load  factor  For  embankment  conduits  depends  upon 
the  class  of  bedding.   In  addition  the  magnitude  of  the  active  lateral 
earth  pressure  and  the  area  of  the  pipe  over  which  this  pressure  acts 
also  influence  the  value  of  the  load  factor. 

The  load  factor  for  projecting  embankment  conduits  may 

be  calculated  by  the  formula: 

Lf  =  1.^31 

N-xq 

Where  L_  is  the  load  factor. 

N  is  a  parameter  dependent  upon  type  of  bedding. 

x  is  a  parameter  dependent  upon  the  area  over  which  the 
active  lateral  earth  pressure  acts. 

q  is  the  ratio  of  total  lateral  pressure  to  total 
vertical  load  on  the  pipe. 

U.  Positive  Projecting  Conduits 


q  =  mk 


(}1    +  ra  1 

^Bo    2/ 


Where  m   is  the  fraction  of  the  pipe  subjected  to  lateral 
pressure. 

k  is  Rankine's  ratio  (ie  unit  lateral  pressure  ) 

(   unit  vertical  pressure  ) 
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This  value  Is  assumed  to  be  equal  to  0.33  from  experience. 
Values  of  N,  m,  and  x  are  given  in  the  table  below. 

Table  VI 11 


Class  of  Bedding 


A.  Reinf.  cradle 
Unreinf.  cradle 

B. 

C. 

D. 


N 


0.421  to  0.505 
0.505  to  0.536 

0.707 

0.840 

1.310 


m 


0.0  0.000  0.150 

0.5  0.423  0.856 

0.7  0.504  Q.811 

0.9  0.6S5  0.678 

1.0  0.638  0.638 


*Note:   values  of  xl  are  to  be  used  for  Class  A  bedding  only. 


Figure  31  shows  the  classification  of  embankment-beddings, 
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Embankment  Beddings 


wM$m  -  - x 


W;'t;-^7?.ixm  "tup  v.- 


ROCK  OR  OT H ER  NONCOMPRES5IBLE  FOUNDA- 
TION -Where  ledge  rock,  rociTy  or  grov7lly  soil,  hard 
pan  or  other  unyielding  foundation  material  is  en- 
countered, the  hord  unyielding  material  shall  be  ex- 
cavated below  the  elevation  o(  the  concrete  cradle 
(Class  A)  or  the  bottom  of  the  pipe  or  pipe  bell  (Closs 
B  &  C  Beddings)  for  a  depth  ol  at  least  6  inches  or 
Vi  inch  for  eoch  foot  of  (ill  over  the  top  of  the  pipe, 
whichever  is  greater,  but  not  more  thon  ],  the  nominal 
diameter  of  the  pipe.  For  Closs  D  Bedding,  the  depth 
shall  be  6  inches.  The  width  of  the  excavation  shall 
be  one  foot  greoter  thon  the  outside  diameter  of  the 
pipe.  The  excovotion  shol^be  refilled  with  selected 
fine  compressible  material,  such  as  silly  clay  or  loam, 
lightly  compacted  and  shaped  os  required  for  the 
specified  class  of  bedding. 
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rig.  31 
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Load  factors  for  positive  projecting  conduits  range  from 
11.3  to  1.1  for  class  A  to  class  D  beddings  respectively. 

E)  Negative  Projecting  Conduits 

The  load  factor  may  be  either  the  same  as  for 
trench  conditions  or  the  value  calculated  from  the  equation: 

Lf  =  1.^31   ^   Tne  choice  of  method  is  dependent 
N-xq 

upon  the  degree  of  construction  effort  made  to  ensure  that  the 
active  lateral  earth  pressure  will  act  on  the  sides  of  the  pipe. 

If  some  confidence  can  be  relied  upon  to  provide 
for  this  support,  then  the  value  of  lateral  pressure  can  be 
calculated  using  the  formula,   q  =  mk   /  H   +m\ 

Where  k  is  assumed  to  be  0.1S. 

For  negative  projecting  conduits  the  range  in  load  factor 

is  5.1  to  1.1. 

F)  Induced  Trench  Conduits 

In  this  type  of  installation  equations, 

Lf  =  1.U31     &    q  = 


mk  /  h   +  m  )  can  also  be  used  in 
Cc  \  Be     2  / 


N-xq 
determining  the  value  of  the  load  factor. 

Values  of  the  load  factor  for  induced  trench  conduits 

range  from  7.1  to  1.7. 

It  should  be  remembered  that  the  value,  l.'lil  in  the 
numerator  of  the  load  factor  formula  is  applicable  only  tu   circular 

pipe. 

The  value  of  'm'  is  not  necessarily  the  same  as  the 
projection  ratio,  'p1.  Only  when  proper  compaction  of  the  bedding 
and  the  side  Fill  materials  is  accomplished,  is  the  relationship  (m  =  i>) 
true.   In  this  situation,  the  active  lateral  pressure  acLs  over  the 
entire  height  of  the  conduit. 


SUMMARY 


48"  @  35'  Df  cover.   Class  B  bedding  throughout. 


Type  of 
Installation 


Positive    Negative    Induced  Live   Multi-       Dead  Load 

Trench    Projecting   Projecting   Trench   Tunnel   Load   Installation  on  Min. 

Embankment  Embankment  -  *  Trench  Width 
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p.l.f . 
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V 


295D 
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Lf  =    1.9  !g 

W 


**  48"  dia.  but  only  2.01  of  cover. 


*  Uhen  care  is  taken  to  ensure  compaction  is  excellent, 
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-2;;;  1393&  :5S50J 

13270  T»3€j  154*3 


15060 

1G12C 
1E56D 

i7c:o 


=  26 ; 

.  S£  i7 

I  U  23i 

I  ._  32 

-  13 

w  34 

1  -J  35 


:  tw*'j  -0640 

147    -     ■■•.■    '  -7T.i-J: 


174  = 


mrj\ 


OB < -       ^J 

15.57?  loSe.C!  153iC 
:^:..  T23;'  lit'., 
•c--:  1741-i'  '£5:5 
■j  _--;   •-74;'  i^r'-i: 


.941C 
1  i76  j 


.:-4L 

2C76* 


15770 
16510 
17230 
179601 
"1866OJ 
19400| 
20120; 
20850' 
21590' 
2*20: 
??«!>! 
2 'I1-'-' 

734.1 


22320 

23020 


9-1 1 

10-   1 

to 


10-  8 
10  -10' 
10-11 


1 1 
11  - 


■(  :--_    •  73  ■■    "•■ ' 
•rj'S'j  "6223'  19740: 

■x-.vj  -^-.:  :j;34C, 


.:»'  'zz, 


...      ,, 


2C2>: 


213601245*0; 
?lfc60  ;-;;/ 


23740  11'- 

'244901  11  - 

!_!522pj  11- 

""25930]  11- 

266501  IV- 

274101  1! 

23130)  11 


I  ?562j  2S82CH    11-11 


TRENCH  WIDTH  AT  TOP  OF  PIPE 

4TRAM- 
SITION 
WIDTH 

5 

6-6 

7  0     I7-6    |e-0' 

B-6 

9'S 

9'-6"      10-0"     il-O"     12-0"' 

290? 

2950 

6'.   7" 

3406 

3691 

7  -   0" 

6 

3aas 

4233 

4490 

7  -   4' 

7 

4346 

4740 

5134  '  5354 

7  ■  9 

e 

4787 

5227 

5668 

*il10 

E2S7 

8-  2- 

9    I 

10  s 

12    X 

5206 

5693 

. ,  i  e  1 

6671 

7041 

8-  5 
8-  8" 

5&06 

5  ::■■.■ 

■■  ■■: 

75  40 

7776 

5989 

6567 

7147 

7730 

8315 

8508 

8'-  8" 

6354 

6976 

7602 

S231 

8862 

9235 

8  -  9" 

13    -1 

6702 

7369 

8039 

8713 

9389 

99G6 

8-11' 

14    O 

7035 

7745      B459  ;  &177 

9399 

1CC90 

9-  0'' 
9-  2 

15  ■" 

16  g 
'7  r^ 

7353 

81OS    4365  !  9635 

H53<30' 

rfTBTTITSZO 

7657 

S4b0 

9250  10060 

I0B7G 

116S0 

12150 

9  -  3 

7947 

Fl"-> 

9623  h04  7C 

11320 

12180 

12870 

9-  S' 

18    7; 

B223 

9098    99s  I  hosrc 

11770 

12670 

13800 

9-  S 

.9  a 

84BB  '  9-1C"   (lQ327.  nt250 

12190 

13140 

14090 

14330 

9-  a 

9-  9" 

20    c- 

!1  I 

b740  |  PC92  r.0660    ■1630 

1S61U   1; 

LtBaC 

tsoso- 

8981      9971 
9211  p0240 

10970  t1980 

13000 

14030 

H5060 

15770 
16510 

9-10" 

22    > 

I12bu  p330 

13390 

14400 

15530 

9-11    p 

23    0 

9431  IWJJ 

111670  p266D 

I37b0 

14B70 

lr-980 

17110 

I7230 

10-   V 

24    O 

9W.  h0;'4fl 

1  ibjo  ivoeo 

n  4 1  ?o 

15260 

16420 

i?r>90 

1 7  960 

10-  2 

10'-  3" 

25  < 

26  _, 

M41  POSTf! 

12120  (13290 

l-146'J 

1f»6'i0 

K)B'>0 

THo5o  ireso 

ior30  In  pro 

123RO  il3')80 

MMOO 

16020 

■  r>r[' 

isirfHi 

19400 

10-  4 

27   O 

10220  !i14i0 

12630  |-3*570  |!5120 

163811 

1  7600 

1B940 

'0120 

10'-  5" 

28   "0 

10.19;"!  h  i6?y 

l»/0  [l4140 

1S430 

lG77iO 

18040 

19370 

»U830 

10-  7" 

29   O 

13660  h  :*? 

13106  114110 

"-/30 

170/0 

li',420 

19.B11 

B1590 

10  -  8" 
10-  9' 

30  ~" 

31  3 

!»;,■,   ;< 

)3?20    146i")0 

16020 

173'JQ 

1878U 

pOlbt) 

fe2320 

10870  (12190 

13540 

14910 

16100 

17710 

19130 

20570  fc3020 

10-10' 

12    "0 

1  1010    1 P36CJ 

13^40 

15140    ICir>7Q 

'8010 

13470 

20950  E3740 

10-11 

33    " 

H150  12530 

13940 

15370  ii6b30 

18310 

19600 

21310  E4490 

11-  0'' 

3"  m 

112E3  \'.i:--  Il4!30 

15590  !l708C 

18590 

?0120 

21670  P4800 

E5220 

1 1  -  1  * 
11'-  3" 

35  m 

36  -* 

IN  10  1.2840.  Il«313 

15600 

17320 

18870 

20430 

22010  P5220  [25930 

11530I-.2S90  IU460 

16010 

17560 

19130 

20730 

22350  P5630  b6680 

11-  4'' 

37 

1  1640  1)3130  J14050 

162C0 

17760 

19390  p 1020 

22670  Pu020  E7410 

11-  5' 

sa 

1 1760  113260  1431C 

1639C  16000 

19640  12 130O 
1 98B0  J2  1 580 

22990  E6-110  B8130 

11-  6"' 

39 

1  1B63    133SC  [14560  J1657C  |1(J210 

23290  p676C  (28820 

11-  7 

40 
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of  the  earth  prism  over,  the  entire  trench  width.   The  trench  width 
to  be  used  when  timber  is  removed  is  the  full  outside  limits  of  the 
excavation. 

figure  ^2  illustrates  the  settlement  of  a  pipe  or 
the  pipe  bedding  material  when  timber  is  removed. 


SHEETING  - 
PULLED   UP 


\ 


VOIDS 


REMOVAL    OF     SHEETING 


-  f,HE?'ir.', 
/  pi>lle:    l*p 


i£  -u 


°£*ct 


I 

I 
I 


*% 


I: 

I:      v. 


^^^jg^gl^^^^' 


Removal 


o.  sheets  which  extends  below  the  invert  of  the  p,pc  causes  subsidence  of  the  p.pe  bedding. 


rig.    32 
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Rased  on  many  years  of  experience  in  this  field  and 
using  the  above  theories,  the  Rorough  of  Scarborough  Works 
Department  has  prepared  three  standard  drawings  to  assist  the 

designer. 

These  tabulations  are  shown  in  figures  33  ,  34  ,  and 

35 

Resume  of  design  factors 

1.   Ri;j;id  Pipe 

2 

(a)  Trench  Conduit  Wd  =  Cd  W  Rd 

Use  Curve  D  for  the  determination  of  Cd  if  no  other 

information  is  available. 

Assume  W  =  120  p.c.f.  if  no  other  information  is 

available. 

2 

(b)  Positive  Embankment  Conduits    -   We  =  Cc  W  Be 

Assume  JU.  =   0.6  Assume  K  =  0.33 

Assume  P  =+0.7 

Assume  Rsd  =  +0.5 

2 
(p)      Negative  Embankment   Conduits  -        We   =    Cn  W   Hd 

Assume  /L=   0.2  Assume   K  =    0.15 

Assume  Rsd  =  -0.3  p  =  l.D  (usually) 

2 

(d)  Induced  Trench  Conduit  -   Wc  =  Cn  W  Hd 

Assume  Rsd  =  -1.0 
Assume  K   =0.33 

(e)  Tunnel  Installation 

2 
Wt  =  CtW  Bt  -  2cCtBt 

Assume  c  =  100  p.s.f .  if  no  other  information  is  known, 
Assume  Lj?  =  3.0 
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(f)   Factor  of  Safety 

Assume  F.S.  =1.0  for  reinforced  pipe 

F.S.  =  l.S  for  unreinforced  pipe 


2.   Flexible  Pipe 


(a)   Ring  Compression       C  -  PS 


(b)  Seam  Strength  =  F.S.  x  C    where  F.S.  =  4  (assumed) 

(c)  Buckling  Strength  -  C   ^   ^  (ultimate)  where 

F.S.  =  2   (assumed) 

(d)  Handling  and  Installation 

FF  =   D         ^    0.0433   for  small  pipe 
EI 

(e)  Deflection. 

A*       =   D  K  Wc  R3   ,  3 

EI  +  0.061  E  R 

E  =  30  x  106 

E1=  700  p.s.i.  for  good  compaction 
gl  =  moo  p.s.i.  for  excellent  compaction 
K  =  0.4U  for  good  compaction 
K  =0.22  for  excellent  backfill. 
Ak   allowable  =  S%   of  vertical  dimension. 

(f)  Ratio  of  inherent  strength  to  soil  resistance 
=  10  -  15% 


u 


BEDDING  TYPE   SI 


iMoi,  Trweh  Width j 
v  )  I0''  to  13"'    O.D  +  :6"   / 


///  *f  .'ROVED  '// 
'//  BACKFILL  // 
//.   MATERIAL    // 

V/////////A 
CD.     -*|6' 


2050  PSt   CONCRETE 

TO    SOLID     TRENCH 

WALLS 


Lt     =     19!  42''  TO  95*') 

THE    S.F?S3VE0  EACKFiLL 
TO  B£   COMPACTED  SN   S" 
LAYERS   TO  35 Vo   STANDARD 
PROCTOR    DENSITY. 

Moi       Trtnch      Width 
~36V   to     96"'        aa  t-Z4" 


BEDDING   TYPE  Dl. 

Diomt    flnct*d*fiQ    limlti    at    toft 


io"'ai2Vt»  io"'aso"' 

Until      12'.* a  15"'  to  iz"'a  33"' 
15"' a  IB'' to  15"'  6  36"' 


Nl     Mm    Trine*    Width       0   Dl      +  26"  j     / 

/,  J  'approved   backfill/// 


/-    i    /  MATERIAL 


If     11   =1? 


i.t  M»=IT 


:icti       tauol     to     dbavi     limit* 
Ma*      Tranch     Wtd'h       0.  Da.  +  2S 


Dromi     sicaedng      C&0*S     Ismlta 
Kan.     Trench      Widtti      0  Di    +30 


20O0   RSI    CONCRETE 

TO     SOLID      TRENCH 

tfALLS. 


«       Bhl  DitoQ    T  frE    5  2 


pTT 


[  '/y/////////;///)t 


■  "J ■'  A^-'V/*        ■»  ■ 

■■  ■  r-N'LYd"*  ■ ' 


•>'  ;i  Cme  ;)«  ■■ 


rrcn      ■■  O 
6"       B. 


"0.0  H 
.).  w*  =3-0 


Moiiirum    Tnncti   Width    O.Di  ♦   30" 


000    P8I 
CSETE    TO 
'0     WALLS 
F     TKEHCH 


.  f.   it   '17 


0  0/ 

'4 

4" 

D1A. 

™/4 

JSSJ 

GO- 

OP/« 

;2" 

3  0" 

P" 

i  *:' 
!5" 

A 

as- 

,0- 

OS" 

?C" 

S" 

se- 

1 !  " 

T2" 

2-V 

1  8" 

6" 

ss" 

IS" 

t  a" 

Z.J'/j 

&    > 

_2  4" 

•h 

4  2" 

13" 

a*' 

!5* 

T'/i 

4  8" 

14  '/,' 

9  0" 

27" 

a  ■/«■ ' 

5  4" 

'•' 

9  6" 

20  %  " 

SCARBOROUGH 
WORKS     DEPARTMENT 


BE&Drass  details 

CONCRETE  °r  VtTRiFIED  PIPE 

DRAWN     DT  E.FK 


CHECKED    EV         SHI 


OATi 


,Jt'       !37» 


00      NOT      jCiLE 


FILE    h«         'J        <V  £i        ! . 


note:  tables  to  be  used  to  35'  only 
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SEPARATE     VERTICAL     TRENCH 

CONCRETE       PIPE 


pipe: 

ASTM 

SPEO 

OEDDING 

D1AM 

CL    ■ 

SI 

S2 

10" 

C- 14-63 

ES 

23 

* 

\z" 

C-14-68 

ES 

IC 

* 

C-76-68 

IV 

34 

* 

V 

-X- 

If 

15" 

C-  I4-J>  8 
C-76-68 

ES 

iv" 
v~ 

20 

Vr 

■* 

* 

# 

* 

18" 

C-76-68 

III 

V 

15 

* 

W 

tf 

■tt 

* 

21" 

C-76-68 

in 

IV 
V 

IS 

24" 

C-76-68 

III 

IV 

16 

V 

•W- 

* 

27" 

C-76-68 

II 

12 

27 

III 

17 

* 

IV 

-ft 

tt 

V 

■* 

* 

30" 

C-76-68 

II 

12 

27 

III 

17 

* 

IV 

■* 

# 

V 

# 

* 

33' 

C-76-68 

11 

13 

27 

III 

10 

* 

IV 

* 

* 

|v 

W 

# 

PIPE 

DIAM 


3S" 


ASTM 
SPEC 


CL 


C-76-68 


42" 


C-76-68 


C-76-68 


II 

m 

IV 
V 


II 

II! 
IV 
V 


BEDDING 


SI 


S2 


I  I 


15 


25 


J_6^ 
25 


43" 


54" 


GO' 


C-76-68 


C-76-63 


IV 


III 


\9 

32 


21 


34 


■)l 


21 
34 


# 


22 
35 


15 


X- 


20 


cs' 


. 


C-76-68 


IV 


33 


35 


PIPE 

DI.'M 


ASTM 
SPEC 


CL 


72" 


78" 


?A 


111 
IV 


16 


21 


33 


25 


C-76-68 


HJ 

IV 
V 


17 


23 
54 
* 


C-76-G3 


BEDDING 


SI      i    S2 


II 


m 

IV 

v 


18 


23 

34 
* 


2_6 
* 
* 


C-76-68 


84" 


90' 


C-76-69 


'II 

!Y_ 

V 


18 

23 
35 

•* 


27 
* 

* 


II 


C-76-68 


96" 


C-76G8 


III 
IV 


19_ 
24 
35^ 
-* 


27 

* 


in 


IV 


20^ 
24 


35 


* 


_2JL 


* 


25 


TABLES     TO     BE    USED     TO    35'  ONLY 


*  INDICATES   MAXIMUM    DEPTH   TO  INVERT  OF  hi 
LEAST  35' 


SCARBOROUGH 
WORKS      DEPARTMENT 


MAXIMUM    DEPTH   TO  INVERT 
CONCRETE    PIPE    10"'T0  86" ' 


IN  SEPARATE, VERTICAL  TRENCH 

HA*N   8*    F.H  WILLIAMS  j  i^-J^;^***^    *?__. 

^^  _     .........        .1*.    in    .'      ihiiki*'  I 


CALCULATED   ®1_£j&JrX-- 
CHECKEO  01     H  H.A. 
DATE       JAN,      1972 


"ir.iixitnL  "i««vir  r  /  i»uw" 
DWG    N  *         D  -  4  2    "   3 


fi  ;. 


ib 
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SEPARATE 
VEE     TRENCH 


PIPE 

n 

BEDDING 

DIAM 

SI 

S2 

42"  - 

ii 

1  3 

21 

in 

1  8 

3  1 

IV 

29 

# 

V 

* 

•* 

48"  ■ 

II 

1  3 

19 

III 

1  7 

28 

IV 
V 

26 

-* 

* 

-* 

54" 

II 

1  4  ' 

1  9 

III 
Tv 

1  7 

26 

25 

*- 

V 

* 

■* 

60' 

II 

"iii 

IV 

1  5  ' 

1  9 

1  7  ' 

25 

24 

tt 

V 

* 

*- 

66" 

II 

1  6  ' 

1  9 

III 

1  8  ' 

25 

tv 

24 

-* 

V 

36 

•* 

72" 

II 

III 

16  ' 

20 

19  " 

24 

IV 
V 

28 

*■ 

35 

-* 

78" 

II 
III 

IV 
V 

1  7  " 

20  ■ 

19 

24  ' 

24  ■ 

* 

34 

•* 

84" 

II 

III 

IV 
V 

1  8  " 

21  - 

20  ' 

25  ' 

25  ■ 

-* 

34 

-* 

90" 

II 
111 

18  ' 

22 

21 

26  - 

IV 
V 

26 

* 

34 

-M- 

II 
111 

19 

23 

22 

27  ' 

96 

26  ' 

34 

rv 

34' 

_  , — -  — 

■K- 

SEWERS     IN    SAME     VEE     TRENCH 


STORM     PIPE 

10"  SAN. 

I2USAN. 

I5"SAN. 

DIAM. 

SPEC. 

CL 

Dl 

D2 

Dl 

D2 

01 

02 

42" 

C -76-68 

II 

II    ' 

16  ' 

1  1    " 

1  6  ' 

1  1    ' 

16 

III 

14  ' 

21 

14  ' 

20 

14 

20  ' 

IV 

18 

-* 

17  ' 

33 

17   '       31 

V 

28 

-X- 

27 

*• 

25          * 

48" 

C-76-68 

II 

12 

16  ■ 

1  2 

16   ' 

1  2  ' 

16  ' 
2  1 

III 

14 

22 

14" 

21 
32 

14  ' 

IV 

18 

34 

1  8  ' 

18  ' 

30 

V 

27 

*- 

26 

*- 

25 

-* 

It 

1  3 

17   ' 

13 

1  7 

13 

17 

III 

15 

21   ' 

1  5  ' 

21   ' 

IS' 

21 

54       L-fb-oB 

IV 

19 'J    33 

19  ' 

3I_ 
-*~ 

1  9  ' 
26  ' 

30 
-* 

V 

27          * 

26 

60" 

C-76-68 

II 



1  3 

1  8  ' 

1  3' 

18 

1  3  ' 

1  6 

2  0 

1  0 
22 

29 
-*- 

III 

1  6 

22 

1  6 

22 
31 

IV 
V 

20  ' 
27   ' 

31 

20  ' 

* 

26  ' 

-* 

26 



66" 

C-76-68 

It 

1  4 

19 

14  ■ 

19 

14  ' 

1  9  ' 

111 

IV 

16  ' 
20  ' 

23  ' 

31 

1  6 

23   " 

1  6  ' 

23 
30 

20- 

31 

20  ' 
2  7 

V 

27 

# 

27 

*- 

* 

72" 

C-76-68 

II 

1  5  ' 

20 

1  5 

20 

1  5         20 

III 

IV 

1  7  ' 

24 

1  7  ■ 

24 
31    ' 

17  ' 

24 

2  1   ' 

31 

2  I  ' 

2  1 
28 

3  1    ■ 
*     . 

V 

28 

■W- 

28  ' 

*- 

78" 

C-76-G8 

tl 

1  6 

2  1 

1  6' 

21 

16  ' 

2  1 
24 

III 

1  8 

24 

1  8 

24 

1  8  ' 

IV 

22  * 

31   ' 

22 

T    31 

22 
28 

3  1 
-K- 

V 

28 

-* 

28  " 

•M- 

84" 

C-76-68 

II 

1  6 

22 

1  3 

22   ' 

1  6   ' 

22 
25   ' 

III 

IV 

19 

25 

1  9 

25 

1  9 

23 

33  ' 

23  ' 

33 

23 

35   ' 

V 

29 

■*• 

"'I    * 

29  ' 

-* 

notes: 

1.  ALL  CONCRETE  SANITARY   PIPE  TO  6EC-I4-6C  EXTRA  STRENGTH. 

2.  ALL  ASBESTOS  CEMENT  SANITARY  PIPE    TO  CE  C-428-67  CLASS  2400 

3.  VEE  TRENCHING    MAXIMUM  DEPTHS    HAVE  BEEN    CALCULATED   FOf< 
TRENCH    SLOPES   OF  I  : 2  OR  STEEPFK 

4.USE   I5MC0NCRETE  MAXIMUM  CtPTHS  FOR  I4"ASBEST0S  CEMENT  PIPE 
-   INDICATES   PIPC   IN  SEPARATE  TRENCH    OR  STORM  PIPE  IN  SAME  TRENCH 

IN   EMBANKMENT   CONDITIO-. 
-VINDICATES  MAXIMUM   DEPTH   TO  INVERT  OF  AT   LEAST    35' 


TABLES  TO  DE  USED  TO  35' ONLY. 


SCARBOROUGH 
WORKS      OEPANTMENT 


MAXIMUM    DEPTH   TO  INVERT 
CONCRETE    STORM  PIPE  42*Vt0  96"' 
IN    VEE    TRENCI-: 

I;    _^  -  v**»- 

-|  rX/      ... 


[l(,AWH     1/     r   M    wu  I    IMi 

Lfti-Ciii  AUPjfJ     iv". 

CHU.r.l  E>   BY        H  M A 

liATt 


.IAH.      I97Z 


FII 


36 


M 

c: 


BEDDING   TYPE  A I 


:o"'  to  SO"'  0,0.+!6"i 

/A  APPROVED    /// 
/AS.VCKFILL     '/ 
//,  MATERIAL. 


M 


BEDDING   TYPE    D  I. 


Limit*       !j'/a  14V  to  I2"^S  33"^ 

i4"' a  ie'^to  i4*'a  ss'  ; 


Olcni       •iceedinfl    limits    ot    loft 


Vovrijir    T'oneh     Width  <O.Do.  +■   30 


3/4     COMPACTED    CRUSHER- 
rfufi   UMfS70«E    TO 
EXTEKD    TO    SOLID 
TRENCH    WALLS. 


//////    e    '/APPROVED    BACKFILL    MATER'AL./ 
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SUMMARY 

It  is  hopeful  that  this  review  of  the  theories  of 
loads  and  supporting  strengths  of  buried  conduits  has  made  one 
aware  of  the  many  factors  influencing  the  selection  of  a  conduit. 

Particularly,  it  should  be  clearly  understood,  that  the 
design  is  only  as  good  as  the  construction  control.   Conversely, 
the  designer  must  be  fully  aware  of  the  feasibility  of  his 
proposals  and  the  limitations  of  construction  practice. 


tr- ' 


W.  A.  Elliott,  P.  Eng. , 
SUBDIVISION  CONTROL  ENGINEER 
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Borough  of  Scarborough 
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Sewer  Appurtenances 

G.    L,.    Wilson. 
Although,    use   of  the   term    "sewer*  appurtenance  a"  is   common,  these 
items   might   more  properly  be   called    "pipe   appurtenances "  and  in   this 
exercise    we    will  consider   everything   except  straight  pipe  to    be   a   sewer 
appurtenance ,      No   attempt  is   made   to   do   other  than  generally  touch   the 
important  aspects   of  each   item    (hopefully  more   details    will   come   out  in 
discussion)    and  the  types   of  appurtenances    will  range  from   the    very 
obvious   to   the   more    uncommon. 
i.      Manholes 
Manholes   are   obviously  not  providing  their  proper  function   unless   they: 

(a)  provide    convenient  access   to   the   sewer  for  inspection   and   maintenance, 

(b)  cause   a    minimum   of  flow   interference . 

(c)  are  a    durable   structure. 

Obviously,    manholes    which  provide   access   to    very  large   storm    sewers 
must   be   designed  individually.       Otherwise,    they  are   becoming   more 
standardized.      Although,    manholes   are   still  made   of  brick   or   cast-in-place 
concrete,    the  precast   concrete   structure   is   now   more  favoured.       For 
nominal  sized  pipes,    the   manhole   is   normally  made    with   a  poured   concrete 
base,    a   barrel   made   of  U8"  i.d.    concrete    cylinders   and  the   top  portion   a 
precast  truncated   cone   to    bring  the   top   diameter   down   to   2U"  and  provide 
one    vertical  side  for  steps .       Some  flexibility  is   needed  in    depths   and  this 
is   normally  provided   by  several   courses   of  hard   burned   brick. 
Fortunately,    many  engineers   are   now   agreeing   on   types   of  castings  for 
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standard  frames    and    covers.       Normally,    the    cover  is   approximately 
160   lb.    in    weight    with   two    lift   holes.       It  is    now    becoming    common 
practice   to  fit  these    with   loose    bolts   to  prevent   entry  of  sticks. 
Steps    should    be    wide    enough   to    hold    both  feet   and   in   high   hydrogen 
sulphide   areas    should   be    made   of  a   stainless   steel   alloy. 
The    channel   and    bench   have    more    effect    on    hydraulics   than    any   other 
aspect   of  the    manhole   and   are   usually  improperly   constructed.       The 
channel   should    be    Ushaped   and    extend   at   least    up   to    3/U    the  pipe    dia- 
meter.      Benching   should    be    nearly  flat,    with  just   enough    slope   to    drain. 
Drops    across    manholes    cause   turbulence    and   should    be    avoided.       Even 
when    the   pipe    size    changes   through   a    manhole    the    channel  should    be 
given    a    steeper   slope    but   no    drop    unless    absolutely   unavoidable. 
Because   the    manhole   is    usually  on    undisturbed  ground  and  the    sewer 
usually   on    compacted  granular   material,    there    may   be    a    settlement   diff- 
erential.      Pipe  joints   therefore   should   be  placed   as    close   to   the   outside 
walls   as   possible    to   provide  points    of  flexibility   and   reduce    shear   stresses. 
2 .       Drop   Manholes 

These    should   be    avoided,    if  possible,     but   obviously  there    will   be    occasions 
when   the    resulting   depths    and    costs    to   provide    a    continuous    slope    are  just 
not  justified.       In    these    situations    a    drop    structure    should    be    constructed 
if  the    inlet   is    more     than   3'  higher   than   the    outlet. 

Most    municipalities    construct   the    drop    outside   the    manhole,    encase   it   in 
concrete   and    connect   it  to   the    upstream    sewer    by  a    T   or    Y.       This 
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works    well   but  the   drop   structure   is   difficult  to    clean.       The   Engineer 
should   not   overlook  the  possibility  of  increasing   the   diameter   of  manhole, 
connecting   the    drop  to   the   sewer    by  a    T    and   strapping   it  to   the    inside- 
wall   of  the    manhole. 

J.       Bends 
In   some   situations   the    use    of  bends    at    manholes   should   be  encouraged . 
This    is  particularly  true   in    manholes    with    opposing  flows.       The   radius 
of  a    bend   should   be   J  pipe   diameters   minimum,    if  possible,    and  should 
present  few   cleaning  problems,    particularly  if  hydraulic  flushers   are   used. 
The   maximum    bend   which   can    be   accommodated  in   a    manhole   is    one    which 
will  put  the   tangent  points   of  the   outside    curves   at   apposite   ends   of  a    man- 

hole    diameter. 

Bends   are    useful  also   in   maintaining   the   sewer  location   on   a    curved   street 

where    underground   space    may   be   at   a   premium. 

An   otherwise    well   designed  sewer   system    can  fail  to  function   to   capacity 

and    cause    back-up  problems    due    only  to    a  failure    to    recognize  fundamental 

hydraulic   principles   in   the    design    and   construction    of  manholes.       More 

frequent    use    of  bends   to    eliminate    opposing  flows    and    construction    of  proper 

channels   and    benches    will   do    much   to    eliminate   this  problem. 

4.       Service    Connections 

These    may   also    be   known   locally  as    building   sewers,    house    connections, 

sewer  laterals,    etc. and  are   simply  the    connection    between   street   sewer 

and  private  property. 
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The    design,    construction    and    materials    used   in    service    connections 
should    be    similar   in   all   respects    with    the    main   sewer,     with    certain 
precautions .       Two   single    connections   in   the   same   trench   are    usually  pre- 
ferrable   to   a    single    connection    with   a    Y  at  property  line    to    serve   two 
properties,    particularly,    in   event   of  a    connection    blockage. 
Normally,     but   not   always,    the   Municipality    will  assume    responsibility 
for    connections   to   the    street  line,     with   the  portion    on   private   property 
being   the    responsibility  of  the    owner.       In    older   sewers,     when    a    conn- 
ection   has    been    dug   up  fo  r   repairs,    it   is   prudent   to  put  an   inspection 
T    on   the    connection   at   street  line.       This    allows    ease    of  cleaning   and   also 
establishes    blockage   location   and   thus,    responsibility. 

If    Y  or    T   on    main   sewer    cannot    be   installed    when    main   sewer   is    con- 
structed,   the    connection   to    main    should    be    made    by   use    of  a   saddle,    not 
by  insertion   through   pipe    wall.      Normally,    it    will   be    much    more   safe, 
economical  and    convenient   to    use    a    drop    structure   into   the    main   sewer 
if  the   sewer   is    more   than    12'    -   1W  in    depth. 

Private    sewer  arrangements    (mains    and    connections)    in    multiple   family 
residential   and    commercial  plazas    can    be   a   problem .       Although,    the 
responsibility  for    maintenance    may   rest    with    the    owner,    approval   of 
original   design    rests    with    the    engineer.        No    hard   rules    can    be    developed 
because    building   arrangements    vary    considerably.       Basically,    however, 
two    rules    must    be   applied. 

1.       All   lengths    of  sewer   should   terminate    either   in    a    manhole    or   a 
terminal   cleanout   structure. 
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2.       If  the   sewer   runs    under  the  floor   of  a    condominium    apartment, 
town   house   or   maisonette,    every   occupied   unit   must   be   accessible   to 
someone   at   all  times   in   the  event   of  a    blockage    under  a  private   area. 
Storm    sewer    connections    to   private   property   are    subject  to    back-up 
because  the   storm   sewer  is   designed  to    be   surcharged   every  two    or 
three,  years.       It   is  prudent  to    ensure   that  these    connections    do    not   go 
into   or   under  a  private    building   if  possible    but  this    cannot   always    be   done. 
Some    municipalities   require   the    owner  to  post  a    bond   saving  the   Munici- 
pality harmless   in   such   cases.       This    is   really   a    bluff   which    would  not    stan*d 
up   in   the    courts.       The   onus   of  proof  of  negligence   rests    with   the   owner 
and  this   alone    will   determine    where   the    responsibility  rests. 
There   is    no    question   that    backwater    valves   in    storm    or   sanitary  sewer 
co  nnections    do     provide    a    measure    of  protection   from    sewer    back-up    if 
the    cause   is   a    consistently  overloaded   system.       However,    there   are 
basically  two   reasons    why  their   use   is    questionable   in   sanitary   sewer 
systems.       rirstly,    their   necessity  indicates   something   seriously   wrong 
with   the   system.       Secondly,    they  tend  to  give   a  false   sense   of  security 
to   the   owner,    who   may  put  a   lot   of  money  into   his   recreation    room    or 
warehouse   and   have   it  all   spoiled   because   a    "flush-a-bye"   or  paper 
towel  prevented  the    valve  from    closing  properly. 

5.       Syphons 

Invariably  these   are   inverted  syphons    or   depressed   sewers    used  to    cross 
under   canals,    railways,    streams   or   other   utilities    where   it   is   impossible 
to    maintain   regular  grades.       It   is    customary  to    build   a   double-barrelled 
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syphon  for  two    reasons :       The   initial  flow   is    usually  low   and   a   relatively 
small  pipe   must   be    used  to    maintain    cleansing   velocities;    the   second  pipe 
is   available    in   later  years    as   flow   increases,     without  further    construction 
being   necessary;    sewage    can    be    diverted  to    the    empty  pipe    if  repairs 
are    necessary. 

AM   bends    in   syphons    should    be   as   long   and   smooth   as  possible    and 
larger   than    normal  friction   losses    should    be   allowed,    particularly,     at 
the   inlet    weir   or   structure. 

One    of  the  peculiarities    of  syphons   is   the   tendency  to   discharge   large 
amounts    of  air  from    the    upstream    manhole   and   because    of  the  flow 
turbulence,    this    is    often    accompanied    by  large    discharges    of  hydrogen 
sulphide.       Sealing   the    manhole    only   chases   the  problem    upstream .        If 
hydrogen    sulphide    discharge     will    cause    an    odour  problem    in    adjacent 
residential  areas,    an    air    by-pass   pipe  from    the    upstream    to    downstream 
manhole    may    be    necessary. 
8 .      Catch    Sasins . 

There    are  probably  as    many  types    of  storm    water   inlets    as    there   are 

city   engineers    and    each    engineer    can  give    valid    reasons  for   his   preference . 

The    confusion    that   this    causes    among    newly  graduated    engineers ,     contractors 

and  foundries   is    quite    inexcusable. 

Obviously,    the    efficiency   and  thus   the    spacing    of  catch    basin   grates    varies 

with   the    rainfall,    street  grade    and    crown    but  it  is   generally  accepted  in 

this   part   of  Ontario    that   single    untrapped,    undepressed  gutter  grates    at 

150-200   ft.    intervals,     with    double   grates    at   low   points,     will    collect    water 


-    314   - 

Sewer  Appurtenances .    G.  L,.  Wilson 
to   the   limit   of  the   sewer's   ability  to   accept  it   under   our  present   design 
criteria . 

Anyone   interested  in    obtaining   results    of  scientific    experiments    on    catch 
basins    and  grates    can    obtain   the    Report    of  the    Storm    Drainage    Committee 
(1956)   from   Johns   Hopkins    University,    entitled    "The   Design   of   Storm 
Water   Inlets",    or    "Generalized   Hydraulics   of  Grate    Inlets"   by  J.J. 
Cassidy,     which   appeared  in   the    U.S.A.    Highway   Research    Record   in 
1966. 

Cleaning   of  catch    basins    in   large    urban    areas    is    normally  done    with 
a    vacuum    unit   mounted   on    a    truck    chassis.       Officials    using   these    machines, 
however,    can    expect    union    and   resident    complaints    because    their   high- 
frequency,    high   amplitude   noise   emission   has   caused  dicomfort  and 
industrial  deafness. 
9.       Overflo  w   Pro  vis  /o  ns . 

Perhaps ,    one    of  the    most  important   items    in    storm    sewer    design    and 
maintenance   is    not   really   an    appurtenance  at   al) .        This    is    the   provision 
for   surface   overflow    when   a   rainfall   occurs   of  greater   intensity  than   the 
capacity    of  the   storm   sewer   can   accommodate. 

In    every  drainage   area,    surface    water   should   be   able   to   reach   an   outlet, 
when   storm   sewers   are   overloaded,    without   causing  flooding   of  buildings 
or   damage   to  property .       Ideally,    and  in    most    cases,    this   provision  for 
overflow    will  be    via   the   street  pattern.       However,    in   other   cases,    parti- 
cularly  where  the   street  pattern    cuts   across   the   direction   natural   drain- 
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age,    the   municipality  may   be   obliged  to   obtain   drainage   easements   across 
private   residential  or   industrial  property  and   create   thereon   a   depression 
which    will  protect  the    surrounding  properties.       The    only  alternative    is   to 
design   storm   sewers  for   a   storm    of  100-year  intensity. 


October,    1971.  G.L. Wilson,  P.Eng. 
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THE  USE  OF  COMPUTERS  IN  SEWER  DESIGN 

The  use  of  computers  for  sewer  design  is  not  particularly  widespread  in  municipal 
engineering  offices.    A  recent  questionaire  returned  by  approximately  60  large 
municipalities  in  the  U.S.A.  showed  that  only  two  used  computers  extensively  for  this 
purpose.    However,  much  more  use  will  be  made  of  computers  in  future  for  analysis 
of  existing  systems,  particularly  in  larger  municipalities  where  redevelopment  will 
change  the  input  into  the  system.    Regardless  of  the  limited  current  use,  however,  com- 
puters can  be  both  effective  and  efficient  for  design  purposes. 
Types  of  Programs. 

(1)  A  simple  program  can  be  used  to  replace  the  commonly  used  slide  rule  or 
nomograph.    This  merely  calculates  the  required  diameter  of  a  single 
length  of  pipe  when  given  proper  parameters. 

(2)  A  more  complex  program  can  be  used  to  analyse  an  existing  system. 
This  will  give  the  capacity  of  each  length  of  pipe  in  the  system  under 
current  condition  and  will  also  indicate  how  each  part  of  the  system  would 
be  affected  if  additional  flow  should  be  introduced   into  the  system  at  any 
point. 

(3)  Complex  programs  have  been  developed  by  various  engineers  in  Canada 
and  the  U.S. A .  which  can  be  used  to  completely  design  a  complex  storm  or 
sanitary  sewer  system  and  estimate  the  construction  costs. 

These  programs  may  be  used  in  two  ways;- 

(a)       In-House  Computer 

Although  quite  common  in  consulting  engineering  offices,  it  is  quite 
probable  that  most  computers  owned  or  leased  by  municipalities  on  their 
premises  will  be  business  oriented  computers  under  jurisdiction  of  the 
municipal  Treasurer.    This  hardware  is  often  not  capable  of  being  used  for 
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technical  purposes  and  often  is  fully  occupied  for  payroll,  personnel 
records,  current  and  capital  accounting,  etc. 
(b)       Computer  Time  Sharing  Terminal 

Time  sharing  is  simply  the  simultaneous  use  of  a  computer  facility 
by  as  few  as  2  or  as  many  as  50  users  who  are  situated  remotely  from 
the  computer  and  who  operate  independently  of  each  other.    The  computer 
is  privately  owned  and  its  time  is  rented  to  the  users,  thus  providing  each 
with  a  facility  much  more  elaborate  and  expensive  than  he  could  otherwise 

afford. 
Connection  to  the  time  shared  computer  is  made  by  means  of  a  teletype  terminal  in 
the  users  office,  which  relays  signals  to  and  from  the  computer  by  a  standard  telephone 
connection.    This  system  is  very  practical  for  municipal  work  because  of  its  large  scope, 
ease  of  use  with  minimum  of  training  and  relatively  low  cost. 

In  the  following  illustrations,  no  attempt  is  made  to  develop  the  programs  but  rather  to 
demonstrate  the  manner  in  which  already  developed  programs  can  be  used  for  design  purposes. 
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Program  Type  No.  1. 

In  this  program  the  computer  is  used  merely  as  a  tool  to  replace  the  sewer  slide- rule 

or  nomograph.    The  problem  that  is  involved  is  finding  the  required  diameter  of  a  sewer 

pipe,  given  the  flow  of  water,  the  slope  of  the  pipe  and  its  roughness  coefficient. 

The  program  is  built  around  Kutters  Formula:- 

41.66  +  0.00281  +  1.811 

slope  roughness  coefficient 


x/slope  x  hydra  lie  radius 


1  +  roughness  coefficient    (41.66  »  0.00281    ) 
/hydralic  radius  slope 

and  the  equation 

Quantity  of  flow  =  Area  of  pipe  x  velocity. 
By  using  this  program  in  the  time  sharing  system  in  a  conversational  mode,  the  exchange  would 
look  like  this:  (the  underlined  characters  are  those  typed  by  the  operator  on  request  by  the 
computer) 

RUN:  PIPE 

PIPE  AUGUST  18TH,   1971. 

WHAT  IS  THE  FLOW  IN  C.F.S.?  16 

WHAT  IS  THE  SLOPE  IN  FT/FT?  0-01 


WHAT  IS  THE  ROUGHNESS  COEFF?  0-013 

THE  DIAMETER  OF  THE  PIPE  IS  36  INCHES 
GOOD  BYE 
Problem  solved. 
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Program  Type  No.  2 

This  Program  is  a  little  more  complicated.    It  checks  the  capacity  of  an  existing 

sewer  system  and,  therefore,  requires  a  lot  more  data. 

Required  data: 

Description  of  the  existing  system,  diameter  of  pipe,  length 

of  pipe,  roughness  coefficient,  slope  of  the  pipe. 
Also  required  is  a  system  of  numbering  pipes  so  that  the  total  flow  is  accumulated  as 
the  program  moves  through  the  system. 

The  above  information  would  provide  the  capacity  of  the  existing  system.    Additional 
information  must  be  fed  into  the  program  at  the  same  time  so  that  the  required  capacity 
of  the  system  can  be  determined  and  the  amount  of  any  inadequacy  found  if  sewage  input 
is  changed  anywhere  in  the  system.    This  additional  information,  in  the  case  of  a  sanitary 
sewer  system,  would  be  (1)  area  served  by  each  length  of  pipe  and  (2)  the  population  density 
or  the  Industrial  coefficient  for  that  particular  area.    From  this  data  the  flow  into  the  system 
at  each  length  of  pipe  can  be  determined. 

A  program  such  as  this  could  be  run  on  a  small  time  sharing  terminal  located  in  the  engineering 
office.    However,  since  these  terminals  have  a  printout  capacity  of  only  ten  characters  (letters 
and  numbers)  per  second,  the  best  method  is  to  run  the  program  on  the  local  terminal  but 
rather  than  getting  the  print  out  at  the  terminal,  save  it  on  file  in  the  computer  memory  and 
use  the  high  speed  printing  facilities  of  the  time  sharing  company. 
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Program  Type  No.  3 

The  third  type  of  program  is  much  more  complex  than  the  previous  two.    Programs 

of  this  nature  design  a  sewer  system  and  provide  cost  estimates  of  the  construction. 

Taking  care  of  all  the  restraints  that  might  occur  makes  writing  a  program  like  this 

very  difficult.    By  restraints  I  mean  such  factors  as  -  amount  of  cover  on  tope  of  a  pipe  - 

the  presence  of  conflicting  utilities  -  the  maximum  and  minimum  velocities  allowed  in 

a  pipe.    The  strength  of  different  types  of  sewer  pipe  -  different  types  of  soil  to  be  excavated, 

etc. 

Although  most  municipalities  would  use  it  infrequently,  the  power  of  the  program  is  quite 

obvious.    The  data  that  must  be  provided  for  this  program  is  the  same  data  that  would  have 

to  be  collected  if  a  sewer  system  was  to  be  designed  manually.    After  all  the  data  are 

collected,  a  sewer  system  could  be  designed  in  a  couple  of  days  (most  of  this  time  would 

be  spent  placing  the  data  into  a  file  in  the  computer's  memory)  rather  than  the  two  or  three 

weelsthat  would  be  spent  using  manual  design  methods . 

The  following  is  a  list  of  data  that  are  required  for  a  program  such  as  this:- 

pipe  coefficient, 

maximum  velocity  permitted, 

mininim  cover, 

minimum  drop  in  drop  manhole, 

fixed  fall  to  be  allowed  at  each  manhole, 

land  use  codes  {i.e.  residential,  commercial,  industrial,  etc.) 

(can  be  specified  as  gallons/acre/day  or  people/acre), 

peaking  factor, 

pipe  sizes  that  are  available  from  manufacturers, 
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a  cost  matrix  (i.e.  average  cost  per  foot,  related  to  size  of  pipe 

and  depth  of  pipe), 

minimum  slope  permitted  with  each  size  of  pipe, 

cost  of  manholes, 

cost  of  drops. 
A  general  layout  of  the  system  is  required  such  that  manholes  and  pipes  can  be  numbered 
and  then  the  following  data  can  be  applied  to  each  length  of  pipe:- 

pipe  number, 

downstream  manhole  number, 

length  of  pipe, 

ground  elevation  at  downstream  end, 

area  tributary  to  the  pipe, 

any  conflict  along  the  length  of  pipe  (other  utilities). 
The  program  will  then  design  a  sewer  system  such  that:- 

(1>       No  pipe  grade  will  be  selected  that  is  less  than  minimum  slope  specified  for 
that  pipe  size;  that  will  cause  a  velocity  greater  than  the  maximum     velocity 
chosen;  that  is  less  than  that  depth  determined  by  the  minimum  designated  earth 
cover. 

(2)  No  pipe  downstream  will  have  a  smaller  diameter  than  the  largest  upstream 
pipe  entering  the  manhole. 

(3)  No  pipe  will  be  selected  that  has  a  capacity  less  than  that  which  will 
carry  the  peak  design  flow. 
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(4)  All  pipes  will  be  governed  by  any  controlled  point  of  elevation. 

(5)  The  system  will  always  design  that  pipe  which  meets  the  above  requirements 
yet  has  the  lowest  installation  cost. 

The  Appendix  is  an  example  problem  carried  out  in  a  conversational  mode  on  a  remote 
terminal  connected  to  time  shared  computer.    (The  underlined  characters  are  those  typed 
by  the  operator). 
CONCLUSIONS 

Time  sharing,  using  a  remote  terminal  connected  to  a  centralized  computer  (owned  by 
others)  is  the  best  type  of  computer  system  to  use  as  far  as  sewer  design  for  a  municipal 
engineering  office  is  concerned.    (Unless  a  sufficiently  sophiscated  in-house  computer 
is  available  at  no  cost). 

An  examination  of  the  three  programs  indicates  that  although  they  are  quite  effective  and 
efficient,  their  use  has  certain  limitations  to  a  municipal  office.    Program  Type  I  is  fast 
and  very  accurate  but  if  a  technican  desires  one  solution  (e.g.  he  is  calculating  the  diameter 
of  one  pipe  only)  it  is  still  quicker  to  use  a  slide  rule.    If  he  has  se\eral    pipes  to  solve, 
use  of  the  program  is  advantageous.    For  calculation  like  this,  the  best  singular  solution 
is  use  of  one  of  the  small  electronic    calculators  that  can  be  programmed  to  solve  particular 
equations  by  the  insertion  of  a  key  card.    Purchase  of  this  equipment  should  not  be  made, 
however,  unless  the  engineer  is  quite  certain  that  his  future  needs  will  not  require  capabilities 
of  more  sophisticated  hardware. 

Program  No.  2  is  the  most  useful  to  any  municipal  engineering  office,  provided  that  the 
complete  sewer  system  information  has  been  collected  and  stored  in  data  files.    For  example, 
in  the  case  of  heavy  rain  storms  and  basement  floodings,  the  sewer  system  can  be  checked  by 
computer  to  find  which  if  any  pipes  are  under  capacity,  what  is  required  to  upgrade  the  system, 
and  whether  the  back-up  was  caused  by  a  deficient  system  or  a  local  problem. 


-    323    - 

The  third  program  would  have  use  only  in  the  planning  of  a  large  subdivision,  development 
of  a  new  townsite,  planning  a  system  for  an  unserviced  municipality,  design  of  a  long  trunk 
or  interceptor  or  other  work  of  similar  scope. 

Although  business  oriented  computers  can  store  and  retrieve  a  vast  amount  of  data  on  an 
existing  sewer  system  if  the  information  is  really  necessary,  it  would  be  extremely  doubt- 
ful that  many  municipalities  would  be  economically  prudent  to  enter  into  a  time  sharing  agree- 
ment for  sewer  design  purposes   alone.    If,  however,  the  engineer  analyses  his  volume  of 
contract  payments,  cut  and  fill  calculations,  survey  traverse  calculations,  waterworks  network 
analyses  and  sewer  design  requirements,  the  cost  of  a  time-shared  computer  terminal  (which 
will  probably  approximate  the  salary  of  one  technician)  may  well  be  justified. 


G.  L.  Wilson,   P.  Eng., 
August  18th,  1971. 
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Explanation  of  the  DATA  FILES 

There  an  two  DATA  FILES  that  arc  uaad  In  this  program. 
(1)      The  data  flla  "CONC06"  contains  Information  relating  to  tha  constraints  of 
tba  system  and  oosts  of  pipes  and  manhole*.    This  la  all  Information  that 
has  to  be  collected  prior  to  tha  execution  of  the  program. 
Una  #100  -  the  name  of  tha  problem, 
line  #110  -  maiming  coefficient,  maximum  velocity  (ft. /sec.)  minimum  cover 

(ft.),  minimum  backdrop  in  drop  manhole  (ft.),  fixed  fall  to  be 

uaed  in  the  manholes  (ft.). 
Line  #110  -  land  use  codas  (oan  be  specified  In  either  IG/ACRE/DAY, 

IG/CONNECTION/DAY,  ores  PEOPLE/ACHE). 

(20  values  have  to  be  specified  even  if  there  are  19  zero's). 
Line  #130  -  peaking  factor  associated  with  eaoh  of  the  above  land  use  codes . 
Line  #140  -  the  number  of  surface  types,  the  number  of  nominal  diameters, 

the  number  of  depths  in  cost  matrix. 
Line  #1*0  -  nominal  pipe  diameters  (Inches) 

Line  #100  -  minimum  slope  associated  with  each  of  the  above  nominal  diameters. 
Line  #170  -  depths  to  be  used  In  cost  matrix. 
Line  #180  -  surface  material. 
Una  #190  -  #260  -  cost  matrix. 
Line  #270  -  #340  -  one  line  for  each  nominal  diameter  eaoh  line  -  fixed  cost 

of  manhole  for  benching,  unit  cost  of  manhole  ($/Ft. ),  unit  cost 

of  backdrop  ($/Ft.). 
(2)       The  data  file  "SYSTEM"  contains     Information  relating  to  the  actual  pipe  network. 
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Line  #130  -  sewage  system  identification. 

Line  #140  -  #310  -  each  line  represents  a  different  pipe  -  multiple  manhole 
number,  pipe  number,  downstream  pipe  number,  overrider 
for  minimum  cover  (ft.),  length  of  the  pipe,  ground  elevation 
at  downstream  end  (ft.),  surface  type  number,  area  (acres)  or 
number  of  pipes  contributing  flow  to  the  pipe  (all  20  values  to  be 
entered). 
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APPENDIX 


8.       SAMPLE    PROBLEM  -  program  Type  No.  3. 

(The  data  used  in  this  sample  problem  is  not  necessarily  realistic, 
but  does  provide  an  idea  of  the  scope  of  the  program)  - 

THE    DESIGN    OF     1HE    oYSTEM    SHOWN    IN    FIG-     1    IS    CONTAINED 
THIS    SECTION. 


IN 


•CONCOS'     IS     iHE     '  CONSTRAINT       AND       COST 
•SYSTEM"     IS     IHE     'SEWERAGE    SYSTEM     DATA    FILE'. 


DATA      FILE'        AND 


C0NC0S 


13:53      PC-T0R    WED.       28/10/70 


100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

210 

220 

230 

240 

250 

260 

270 

280 

290 

300 

310 

320 

330 

340 


EXAMPLE    PROBLEM 

.013    8    6    3     .02 

208     417    458     792 

10*2.4    10*0 

1     8    6 

8     10     12    15     18    21     24    27 

.0034    .0025    .0020    .0015 

5    10    15    20    25    30 

PAVED 

6.59  1 1.53  20.79  30.06  39 
8.85  13.78  23.57  33-36  43 
11.11     16.04    26.35    36.65 

30. SI 

34.68 

38*84 

43.00 

47.17 


1250    1333    2083    3333    0    1     10*0 


.0012    .0010    .0008    .0007 


33    48.59 
14    52.93 
46.95    57.26 


14.49 
17.88 
21.27 

24.66 

28.04 

200    10 

210 

220 

230 

240 

250 

260 

270 


19 
22 
26 
29 
32 
5 


43 
82 

■  20 
59 

.98 


41  .59 
46.53 
51.48 


52.67 
58.39 


56 
61 


42 
36 


64. 
69. 
75. 


11 
83 
55 


63.75 
70.25 
76.75 
83*25 
89.74 


11 

12 

13 

14 

15 

16 

17 


6 

7 

8 

9 

10 

11 

12 


DATA 
FILE 


J 
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LEGEND 


PIPE       NO. 
MULTIPLE       MH        NO. 
GROUND    ELEVATION 


11  pipe     length        '.    9co 

(2)  scale  :    1" :  1000' 


laiooj 


FIG.       I        SYSTEM    LAYOUT 
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SYSTEM  13:55      PC-T0R    WED.       28/10/70 


130 

MO 

150 

160 

170 

180 

190 

200 

210 

220 

230 

240 

250 

260 

270 

280 

290 

300 

310 


PRELIMINARY    DESIGN 

0    12    0    0    812.0    1     6*0    32.64    13*0 

3    0    QOO    817.0    1     6*0    36.48    13*0 
6    0     I [|0    810.0    1     6*0    44.80    13*0 

5  0    0    815.0    I     6*0    48.64    13*0 

6  0    980    810.0     I     6*0    39.68    13*0 

7  8.5    800    805.0    I     6*0    32.64    13*0 
IB    0    2500    805.0    I     6*0    101.12    | 3*0 
9    0    0    810.0    1     3*0    8.32    16*0 


1 

0 
1 

0 
3 
0 
2 
0 
2 

0 

3 

0 

0 

0 

3 

0 


2 

3 

4 

5 
6 

7 

8 

9 

10 

I  I 

12 

13 

1  4 

1  5 

16 

17 

18 


12  0  1 7  50  810 
11  0  0  81 5.0 
820  810 
550  823 
680  805.0 
0  860.4  1 
1 160  859.9 


12 
13 
18 
15 
16 
17 
18 
19 


0 
0 
0 
0 
0 
0 
0 
0 


.0 
1 

.0 

0 


760    805.0    I 
1450    805.0    I 
1000    810.0    1 


1     3*0    30.08    16*0 
3*0    25.60    16*0 
1     3*0    13.44    16*0 
1     3*0    8.32    16*0 
1     3*0    10.24    16*0 
3*0    11.52    16*0 
1     3*0    17.28    16*0 


3*0    1 1 .52    16*0 
3*0    20.48    16*0 
3*0    8*32    16*0 


DATA 
FILE 


RUNBIGiSANSEW***     tTh»  execution  of  the  program  follows) 


SANSEW 


I  4101 


WED.       28/10/70 


ENTER    NAME    0F    C0NSTRAINT    A    C0ST    DATA  FILE          7C0NC0S 

ARE    LAND    USE    VALUES    BY    AREA    (1>,        BY  C0NNECTI0N     (2),       0R    BY 
PE0PLE    PER    ACRE    (3)       ?1 

D0    Y0U    WANT    T0    DESIGN    BY    PLUSH    0VERT  CI)    0R    BY    PLUSH    INVERT    (2) 

D0    Y0U    WANT    T0    BYPASS    ECH0    PRINT-0UT  (YES/N0)        ?££ 

PR08LEM    CONSTRAINTS    HAVE    BEEN    READ. 

D0    Y0U    WANT    THEM    PRINTED    CYES/N0)  TyES 


72 


-  329  - 


EXAMPLE  PROBLEM 

PROBLEM  CONSTRAINTS 

MANNING  COEFFICIENT 
MAXIMUM  VELOCITY 
MINIMUM  COVER 
MINIMUM  DR0P 
FIXED  FALL 


O.Ol 300 

8.00  FT/SEC 
6.00  FT 
3.00  FT 
0.02  FT 


LAND  USE  VALUES  UGD  PER  ACRE) 


1 
I  I 


2 
12 


3 
13 


4 
1  4 


5 

15 


6 

16 


7 
17 


S 
18 


9 
19 


10 
20 


208    417    458    792   1250   1333   2083   3333      0      1 

oooooooooo 

FACTORS    2.400    2-400    2.400    2-400    2-400    2-400    2-400    2-400    2.400    2.400 
0.000    0.000    0-000    0.000    0-000    0-000    0-000    0.000    0.000    0.000 


NOMINAL    DIAMETERS    *    MINIMUM    SLOPES    HAVE    BEEN    READ. 
D0    YOU    WANT    THEM    PRINTED    (YES/NO)  ?YES 


EXAMPLE    PROBLEM 


N0.  0F 

SURFACES   * 

1 

NO.  OF 

DIAMETERS  ■ 

8 

NO-  0F 

DEPTHS     ■ 

6 

NOMINAL    MINIMUM 

DIAMETER   SLOPE 

8 

0.00340 

10 

0.00250 

12 

0-00200 

15 

0.001 50 

18 

0.00120 

21 

0-00100 

24 

0.00080 

27 

0.00070 

-  JJU  - 
DEPTHS  4  PIPE  C0STS  HAVE  BEEN  READ. 

D0  Y0U  WANT  THEM  PRINTED  (YES/N0)    7YES 


EXAMPLE  PR0BLEM 

SURFACE  N0.  I i  PAVED 

DEPTH  0F  INVERT  BEL0W  6R0UND  (FT.) 


)IAM. 

5 

10 

15 

20 

25 

30 

D0LLARS/FT- 

8 

6.59 

1  1  .53 

20.79 

30.06 

39.33 

48.59 

to 

8.85 

13.78 

23.57 

33.36 

43.14 

52.93 

12 

11.1! 

16.04 

26.35 

36.65 

46.95 

57.26 

15 

1  4.49 

19.43 

30.51 

41  .59 

52.67 

63.75 

18 

17.88 

22.82 

34.68 

46.53 

58.39 

70.25 

21 

21  .87 

26.20 

38.8  4 

51.48 

64.1  1 

76.75 

24 

24.66 

29.59 

43.00 

56.42 

69.83 

83.25 

27 

28.04 

32.98 

47.17 

61  .36 

75.55 

89.74 

MANH0LE  C0STS  HAVE  BEEN  READ. 

D0  Y0U  WANT  THEM  PRINTED  (YES/N0) 


?YES 


EXAMPLE    PR0BLEM 


MANH0LE    C0STS 


N0MINAL 

FIXED 

MANH0LE 

DR0P 

DIAMETER 

S 

$/FT 

$/FT 

8 

200.00 

10.00 

5.00 

10 

210.00 

11  .00 

6.00 

12 

220.00 

12.00 

7.00 

15 

230.00 

13.00 

8.00 

18 

240.00 

14.00 

9.00 

21 

250.00 

15.00 

10.00 

24 

260.00 

16.00 

1  1  .00 

27 

270.00 

17.00 

12.00 
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CONSTRAINT  *  COST  DATA  FILE  (C0NC0S)  HAS  BEEN  READ. 
00  YOU  WANT  T0  CONTINUE  WITH  THE  OFSIGN  (YES/NO) 


?YES 


00  YOU  WANT  RESULTS  PRINTED  0N  THE  TERMINAL  (I) 
0R  WRITTEN  T0  A  FILE  (?)     ft 


ENTER  NAME  0F  SEWERAGE  SYSTEM  DATA  FILE   f 


SEWERAGE  SYSTEM  IDl 
PRELIMINARY  DESIGN 


D0  Y0U  WANT  FL0W  CONTRIBUTIONS  PRINTED  (YES/NO)    7N0_ 


REL 

IMINARY 

DESIGN 

' 

SURF 

PEAK 

UPSTRM 

DWNSTRM 

UNI  T 

MH 

TYPE 

FLOW 

GROUND 

INVERT 

LNTH 

INVERT 

COST 

COST 

NO 

N0 

DIA 

MIGD 

ELEV 

ELEV 

FT 

SLOPE 

ELEV 

*/F  r 

S 

1 

0 

0.163? 

81 2.00 

805.33 

0 

0.00000 

805.  33 

0.00 

o.oo 

a 

R 

0.3455 

81 7.00 

805.33 

900 

-.00340 

802.27 

12.82 

1 1 538.20 

3 

10 

0.5695 

fllO-00 

802*25 

t  1  10 

-.00250 

799. 48 

1  8.92 

20999. 1 1 

4 

0 

0-243? 

8  1 5.00 

808*33 

0 

0.00000 

808.  13 

0.00 

0.00 

s 

8 

0 . 441 5 

810.00 

808.33 

930 

-.00510 

803.  33 

8.?4 

8071 .93 

6 

12 

1  • 1  74? 

805.00 

799.46 

800 

-.00497 

7<**>.  4R 

1  6-08 

\  2866- 37 

7 

1  5 

t .6797 

805.00 

795.46 

2  500 

-.00233 

78<*  •  63 

24.85 

621 22.87 

B 

0 

0.01 58 

810.00 

803.33 

0 

0.00000 

R03.  3  1 

0-00 

0.00 

9 

8 

0  •  0  7  30 
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This  paper  to  be  given  by  Mr.  Harvey  Lightwood,  Borough  of  Scarborough 
Sewer  Maintenance  Manager,  at  Design  Course  on  Sewers  and  Watermains, 


HOW  MAINTENANCE  CAN  AFFECT  THE  DESIGN, 

Since  being  asked  to  prepare  a  short  paper  on  the  subject  of  design 
of  Sewers  and  Watermains  from  the  point  of  view  of  maintenance,  I  have  thought 
it  might  be  appropriate  to  bring  to  your  attention  that  we  are  working  within 
a  closed  system  or  cycle  of  water  usage.   Raw  water,  sucked  from  our  Great 
Lakes  System,  is  made  potable  by  filtration  and  chlorination,  delivered  to  the 
user  who  be-fouls  the  produce  in  one  way  or  another  and  returns  it  to  a  treat- 
ment plant  through  the  so-called  sanitary  sewers  —  although  why  they  are  not 
called  unsanitary  sewers,  we  don't  know.1 

This  used  water,  together  with  the  rainfall  runoff  water  is  direr  ted 
back  to  the  system  -  the  former  to  be  treated,  and  the  latter  directly  where 
it  is  again  drawn  off  to  repeat  the  cycle. 

I  mention  this  closed  system  concept  here  to  bring  to  your  attention 
that  the  previous  view  that  products  were  delivered  to  a  consumer  is  no  longer 
valid  thinking;  the  way  to  look  at  it  is  that  the  product  is  delivered  to  the 
user,  and  the  used  material  must  be  guided  back  and  recycled  into  the  systems. 

A  system  is  made  up  of  many  parts,  and  there  are  recorded  many  incid- 
ents where  the  operation  of  a  system  has  been  seriously  affected  by  a  malfunction 
or  failure  of  one  of  its  parts  which  might  have  been  avoided  had  the  design  been 
different,  or  better,  if  the  designer  had  put  himself  in  the  position  of  the 
persons  who  would  be  operating  and  maintaining  the  subject  utility. 

A  complete  water  cycle  system  designed  to  service  an  urban  society 
consists  of  many  appurtenances,  each  of  which  must  perform  without  detriment 
to  the  functioning  of  that  system. 
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Components  of  a  Storm  and  Sanitary  Sewer  System. 


The  major  component  here  is  the  conduit  or  pipes  made  of  various 
materials  through  which  must  pass  the  sewage  and  drainage  waters;  design 
here  is  pretty  straight  forward,  and  today  is  assisted  greatly  by  new  jointing 
techniques  which  have  reduced  the  problems  of  infiltration  and  exf iltratiou, 
and  at  the  same  time  give  some  flexibility. 

It  is  the  design  and  maintenance  of  appurtenant  structures  that 
we  will  concern  ourselves  with  at  this  time. 

In  every  sewer  system,  we  will  find  all  or  most  of  the  following: 

Manholes 

Sewer  Connections 
Pumping  Stations 
Street  catchbasins 
Inlet  structures 
Outfall  structures 
Open  storm  channels. 

Manholes.   These  structures  are  as  the  name  implies,  intended  mainly 
I o  permit  entry  to  the  sewer  by  workmen  in  order  that  they  may  carry  out  various 
functions  in  the  maintenance  of  the  system.   Often  in  the  past,  the  designer 
tjf  the  system  forgot  the  sewer  function  in  providing  for  the  workman.   This 
created  operational  problems.   A  manhole  can  severely  affect  the  hydraulic 
efficiency  of  a  sewer  by  creating  turbulance  during  periods  of  peak  flow. 

Designers  have  many  times  carefully  calculated  the  requirements  of  a 
sewer,  chosen  the  correct  size  of  conduit  commensurate  with  grade,  and  then 
spotted  some  standard  manhole  structures  along  the  line  of  his  system,  never 
realizing  that  he  was  neutralizing  all  his  careful  work  by  not  considering 
I  he  effect  the  manholes  would  have  on  his  calculated  discharge  figures.   Manhole 
hydraulics  have  come  under  special  scrutiny  in  the  Borough  of  Scarborough,  and 
modifications  to  some  existing  structure  have  demonstrated  the  benefits  of 
careful  design. 
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To  maintain  design  flows  in  a  sewer  that  is  intended  to  run  nearly 
lull,  it  is  folly  to  have  a  manhole  that  is  benched  only  to  the  spring  line; 
the  resulting  turbulance  destroys  the  flow  characteristics  of  the  pipe.   The 
manhole  must  be  benched  to  the  obvert  so  that  the  flow  is  undisturbed  by  the 
presence  of  the  manhole,  and  at  the  same  time,  the  purpose  for  which  the 
manhole  was  installed  must  not  be  forgotten.   Special  steps  and  hand  holds 
must  be  provided  for  workmen  to  get  into  the  pipe  for  inspection  and  servicing. 
There  are  several  aspects  of  manhole  design,  such  as  location  spacing  venting, 
but  sufficient  here  to  remind  you  to  pay  attention  to  these  structures  and 
consider  their  effect  on  the  operation  of  the  system. 

Sewer  Connections.  The  whole  purpose  of  having  a  sewer  is  so  that 
connections  can  be  made  to  it  from  abutting  properties,  and  so  again,  our  flow 
characteristics  can  be  affected  by  the  manner  in  which  connections  are  allowed 
to  be  made,  the  number  of  connections  made  and  the  relative  size.   Wherever 
possible   factory-made  wye  junctions  should  be  installed  at  the  time  of  original 
construction,  and  the  designer  should  make  every  effort  to  anticipate  the  needed 
connections.   In  excessively  deep  sewers,  it  is  quite  important  that  risers  be 
installed  at  the  time  of  construction  and  brought  to  a  useable  depth  below 
finished  grade.   It  is  one  thing  to  construct  a  sewer  on  a  66'  or  8b'  wide  road 
allowance  during  the  initial  development  stage,  and  quite  another  to  attempt  a 
2S'  or  30'  deep  excavation  on  a  busy  thoroughfare  when  it  is  mandatory  to  maintain 
traffic  and  other  services. 

In  these  days  of  separate  storm  and  sanitary  sewers,  it  is  imperative 
that  a  method  be  devised  to  make  sure  that  private  drain  layers  know  the 
difference  between  the  storm  and  sanitary  connection  lines,  and  are  made  to 
realize  the  importance  of  connecting  properly.   In  spite  of  regulations  and 
inspection,  there  is  an  alarming  amount  of  storm  water  getting  into  the  sanitar 
sewers.   No  amount  of  careful  design  can  offset  poor  control  over  connect; 


ry 
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On  well  Inspected  public  sewer  construction,  we  are  quite  satisfied  that  the 
sewers  are  adequately  tight  against  infiltration,  yet  each  new  sanitary  sewer, 
after  private  connections  are  made,  has  a  marked  increase  in  flow  rates  during 
and  immediately  after  a  rain  storm. 

Pumping  Stations.   Pumping  Stations  are  used  primarily  to  permit  the 
development  of  areas  where  gravity  flow  of  waste  water  to  a  large  sanitary  sewer 
is  not  possible. 

In  early  times,  pumping  stations  were  installed  somewhat  willy-nilly 
to  avoid  the  task  of  excavating  very  deep  trunk  sewer  lines  in  order  to  reach 
low  lying  areas,  and  often  such  pumping  units  were  installed  ahead  of  trunk 
sewer  extensions  into  an  area,  in  order  to  expedite  serviced  lots;  such  stations 
were  subsequently  abandoned. 

The  designing  of  a  pumping  station  is  one  area  where  designer  and 
operator  are  often  miles  apart  in  fact  and  theory.   It  is  not  my  intention,  at 
this  time,  to  go  into  the  myriad  of  details  that  make  up  a  sewage  pumping  station. 
Sufficient  to  say  that,  in  view  of  current  legislations  regarding  pollution  of 
receiving  waters,  we  require  built-in  safeguards  to  assure  continuous  operation, 
machinery  parts  and  equipment  quickly  and  easily  replaced  from  local  manufacturers, 
together  with  automatic  status  alarm  equipment  to  warn  of  any  malfunction.   All  this 
and  much  more  is  required  to  operate  a  fail-safe  lift  station.   We  might  have 
stand-by  auxiliary  pumping  equipment  in  the  event  of  a  major  power  failure,  or  a 
major  mechanical  breakdown.   These  are  the  more  sophisticated  requirements. 

I  recall  earlier  pumping  stations  that  did  not  have  any  wash  up  faciL-    • 
ities  for  workmen,  no  water  supply  to  hose  down  the  wet  well  walls  or  the  dry 
well  floor,  no  lights  in  the  wet  well  which  was  a  dark  and  forboding  chamber, 
only  seen  in  part  with  the  aid  of  a  drop  lamp  which,  on  one  occasion  I  recall, 
fell  into  the  sewage  and  blew  the  main  lighting  fuse,  and  the  poor  operator  had 
tn  sit  astraddle    a  b   inch  channel  iron  cross  member  in  the  black  hole  for 
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nearly  an  hour,  afraid  to  move,  until  someone  came  looking  for  him  with  a 
flashlight. 

The  designer  of  a  pumping  station  should  use  his  vision  and  imagine 
himself  as  the  operation  mechanic,  or  electrician,  actually  performing  the 
various  acts  in  the  running  and  maintenance  of  the  station. 

Street  Catch  Basins.   Now  we  are  dealing  with  storm  water.   One  of 
the  main  purposes  of  the  storm  sewer  is  to  drain  away  surplus  water  from  the 
road  allowance.   To  accomplish  this,  a  pair  of  catch  basins  on  either  side  of 
a  street  are  usually  installed,  spaced  at  intervals  of  250  to  300  feet. 

Until  a  few  years  ago,  it  was  customary  that  the  designer  would  merely 
show  that  standard  catch  basins  were  to  be  installed  at  the  points  indicated. 
Today,  we  have  ten  different  types  of  catch  basins.   These  variations  were  all 
brought  about  by  observing  problems  in  the  field,  and  the  designer  must  consider 
the  conditions  likely  to  prevail  and  choose  the  type  of  catch  basin  that  will 
perform  best  under  a  given  situation. 

To  illustrate  how  maintenance  affects  design,  I  recall  one  of  our 
subdivisions  that  was  built  on  rolling  terrain  which  resulted  in  some  of  the 
road  grade  being  rising  and  falling  in  the  order  of  3  and  M%.   Standard  flat 
top  catch  basins  were  installed  at  standard  intervals.   Eventually,  a  fairly 
high  intensity  rain  storm  hit  the  area,  and  although  the  sewer  was  theoretically 
capable  of  carrying  the  load,  flooding  occurred;  the  vertical  curves  on  the 
street  were  inundated  to  a  depth  of  about  18  inches.   The  overflow  from  these 
low  points  on  the  street  caused  washouts  through  private  property  located  on 
the  low  side  of  the  streets. 

Investigation  brought  to  light  the  fact  that  storm  water  flowing  down 
the  gutters  of  streets  with  grades  of  3  and  M%  was  going  too  fast  to  get  into 
a  standard  catch  basin  top,  and  most  of  it  accumulated  altogether  at  the  vertieaJ 
curves.   There  were,  of  course,  standard  catch  basins  at  these  points,  but  the 
concentration  of  so  much  run-off  was  far  more  than  the  catch  basin  could  handle. 
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and  so  we  developed  these  fairly  deep  lakes.   The  resultant  head  of  water 
flowing  through  the  catch  basin  lead  interfered  with  the  designed  velocity 
of  the  sewer,  and  this,  of  course,  made  the  situation  worse.   From  this,  we 
learned  that  on  all  road  grades  of  3%  or  over,  side  inlet  type  catch  bains  should 
be  installed  at  fairly  close  intervals,  in  order  to  capture  the  run  off  in 
medium  amounts  along  the  way.   These  solutions  appear  obvious  in  retrospect. 
However,  it  would  have  saved  a  great  deal  of  time  and  money  to  say  nothing  or 
the  poor  public  relations  caused  by  the  flooding,  if  the  original  designer  had 
been  aware  of  the  inherent  problems  in  his  plan. 

Inlet  and  Outfall  Structures.  In  the  development  of  a  storm  sewer 
system,  we  come  to  a  point  where  the  conduit  ends  or  begins,  and  water  flowing 
In  a  ditch  or  watercourse  is  required  to  enter  a  sewer,  or  alternately,  is 
discharged  from  a  sewer  to  a  watercourse.   Structures  have  been  designed  for  both 
purposes,  each  particularly  adapted  to  do  the  job  intended  without  creating  any 
problems  of  their  own.   I  have  seen  incidents  many  times  where  a  storm  sewer  has 
been  terminated  at  the  banks  of  a  stream  where  a  nice  looking  concrete  structure 
with  a  head  wall  and  wing  walls  has  been  built,  only  to  find  that  the  increased 
flow  from  the  storm  sewer  has  eroded  away  the  ground  in  front  of  the  headwall 
so  that  it  toppled  forward  into  the  hole,  presenting  a  sorry  looking  mess  which 
reflected  a  lack  of  foresight  on  the  part  of  the  designer. 

On  larger  sized  storm  sewers,  inlet  and  outfall  structures  are  re- 
quired to  have  a  grill  or  gate,  in  order  to  prevent  the  casual  entry  of  children. 
The  design  of  such  a  gate  is  important.   I  can  illustrate  this  when  I  recall  one 
stormy  night  when  the  Road  Maintenance  Section  were  called  out  to  a  badly  flooded 
area  to  find  that  a  large  down-stream  storm  outlet  structure  had  been  blocked 
almost  completely  with  debris  consisting  mostly  of  grass  cuttings  and  other 
assorted  flotsam  aiti  jetsam  caught  up  on  the  grating  over  the  end  of  the  headwall, 
muddy  water  was  squirting  from  the  top  of  the  gate  like  a  fire  hose.   One  of  the 
men  took  a  thorough  soaking  and  made  an  effort  to  unlock  the  gate  to  no  avail. 
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Finally,  in  desperation,  they  attached  a  long  steel  cable  to  the  gate,  and 
hooking  the  other  end  to  a  big  truck,  literally  ripped  the  gate  off  its  anchor. 
The  water  surged  out  and  in  a  few  minutes,  the  flooding  condition  upstream 
was  relieved. 

This  was  all  because  the  designer  had  indicated  that  a  grill  be 
placed  over  the  sewer  mouth,  and  had  illustrated  this  with  a  drawing  showing 
the  bars  in  a  vertical  position  instead  of  a  horizontal  position,  which  wuuld 
allow  debris  floating  on  the  surface  of  the  water  to  float  through  the  bars 
without  catching. 

I  will  illustrate  this  more  clearly  when  I  show  a  few  slides  demon- 
strating some  of  the  conditions  referred  to  in  this  paper.   There  are,  of  course, 
other  considerations  when  designing  headwalls  that  will,  no  doubt,  occur  to  you. 

The  positioning  of  the  structure  itself  in  relation  to  the  banks  of 
the  watercourse  is  important;  placed  too  far  back,  we  have  a  channel  which  must 
be  maintained  and  usually  becomes  heavily  weeded  and  prevents  the  proper  mainten- 
ance of  the  surrounding  terrain  where,  for  instance,  grass  cutting  equipment 
must  stop  and  the  work  done  by  hand.   The  height  above  the  receiving  waters  is 
also  important  at  time  of  heavy  run-off.   The  outfall  structure  could  become 
submerged,  creating  a  backup  in  the  system,  and  if  placed  too  high,  erosion 
would  follow,  creating  an  unsightly  condition  or  undermining  the  structure 
itself,  as  I  have  mentioned  previously. 

Open  Storm  Channels.   This  type  of  storm  sewer  in  built  up  areas  is 
usually  a  worked  over  natural  watercourse  that  has  been  deepened  and  widened 
to  such  an  extent  that  it  is  no  longer  physically  or  economically  feasible 
to  cover  them  over  as  an  underground  sewer. 

If  a  natural  watercourse  is  used  as  a  storm  water  receiver  from 
developed  areas  without  re-designing  the  watercourse  itself  to  accommodate 
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the  .hanging  conditions.  we  are  going  to  have  a  big  problem  almost  immediateiy 

due  to  erosion. 

Anotl incident  is  brought  to  mind  where,  a  few  years  ago,  two 

Lairly  targe  residential  subdivisions  were  developed  in  a  watershed  drained 
„y  a  watercourse  through  a  natural  ravine.   The  subdivision  agreements  made 
„„  reference  to  the  developer  doing  any  work  in  tbe  watercourse  into  which  all 
storm  sewers  were  sbown  to  discharge.   This  particular  section  was  approximately 
l000  feet  in  length  and  had  a  series  of  small  natural  waterfalls  that  made  up 
a  drop  of  approximately  90  ■  and  was  on  a  hard  clay  base.   Calculations  showed 
that  a  tot.L  discharge  of  storm  water  from  the  developed  subdivisions  was  S00 
c.f.s.,  whereas  a  natural  runoff  is  only  a  fraction  of  this. 

As  you  can  no  doubt  see,  the  increase  in  flow  played  havoc  with  the 
terrain;  instead  of  a  bubbling  brook,  we  had  a  roaring  cascade  of  running  muddy 
water  that  literally  swept  everything  before  it.   This  occurred  during  the 
first  heavy  storm  in  the  summer  after  the  completion  of  the  development. 
Heedless  to  say,  it  took  us  some  time  and  a  considerable  sum  of  money  before 
We  got  things  back  under  control.   Over  a  period  of  four  years,  we  constructed 
8  check  dams  In  order  to  bring  the  velocity  down  under  8  fps  to  stop  securing. 
The  entire  area  had  to  be  re-worked  to  accommodate  the  new  set  of  conditions, 
„d  today,  is  a  very  different  looking  watercourse  than  it  was  in  its  natural 


a 

stale. 


The  design  of  check  dams,  watercourse  cross  sections  and  other 
factor,  in  the  development  of  an  urhan  open  storm  channel  are  the  result  of 
the  trial  ami  error  methods  used  in  the  past. 
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I  have  not  gone  into  detail  concerning  watermain  maintenance  and 
design,  as  my  experience  in  this  field  is  somewhat  limited.   However,  I  can 
point  out  that  working  with  pressures  of  from  40  to  50  pounds  presents  its 
own  type  of  problems,  the  main  one  being  watermain  breaks  which  occur  at  the 
alarming  rate  of  approximately  300  a  year  in  Scarborough. 

The  advent  of  ductile  iron  pipe  in  lieu  of  cast  iron  used  in  the 
past,  plus  the  installation  of  pressure  regulator  valves,  it  is  hoped,  will 
reduce  this  disruptive  and  costly  maintenance  problem. 

I  hope  with  these  few  examples  of  maintenance  problems, I  have 
demonstrated  that  design  originates  right  from  the  field.   It  is,  of  course, 
obvious  that  this  should  be  so.  However,  it  is  the  redesign  and  reconstruction 
required  due  to  some  bad  experience  that  wastes  time  and  money.  This  we  should 
try  to  avoid  by  having  plenty  of  feed-back  information  from  the  maintenance 
crews  to  the  designer  so  that  he  may  incorporate  operational  experiences  in 
his  work. 
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SEWER  AND  WATERHAIN  CONSTRUCTION  PRACTICES 

(R.  W.  Rodman,  P.  Eng.) 
(  City  Engineer  ) 
(   Niagara  Falls     ) 

In  considering  any  discussion  on  sewer  and  waterrrain  construction 
practices,  one  must  take  into  account  the  various  items  which  lead  to  good 
construction  techniques .   The  construction  methods  and  skills,  of  course,  are 
intended  to  produce  a  superior  job,  and  it  is  self-evident  that  inspection  is 
necessary  to  ensure  good  construction  practices  at  all  times.   Proper  inspec- 
tion facilities  are  necessary  on  any  and  all  projects,  and  throughout  this 
paper  frequent  mention  will  be  made  of  inspection  requirements  and  practices. 

Any  discussion  of  sewer  and  watermain  installations  must  deal  with 
the  inspection,  field  layout,  office  and  actual  construction  points  of  view, 
to  obtain  a  general  understanding  of  the  whole  problem  and  to  achieve  the 
desired  end  result  of  a  well  conceived  and  executed  project.   The  old  adage 
of  a  chain  being  only  as  good  as  its  weakest  link,  applies  to  the  construct  ion 
field  as  well.   Unless  adequate  precautions  are  taken  during  the  installation 
of  a  particular  project,  many  hours  of  concentrated  and  excellent  work  by  the 
designers  will  be  a  complete  waste  of  time.   It  is  the  finished  product  that 
counts,  and  to  achieve  a  good  end  result,  it  is  necessary  that  (1)  a  proper 
design  and  specification  for  each  project  be  formulated,  and  (2)  proper 
construction  techniques  and  inspection  procedures  be  followed.   This  then 
stresses  the  importance  of  the  need  for  good  liaison  between  the  designer  or 
office  -  the  layout  crews  -  the  inspectors  -  and  the  contractor  himself. 

Generally  speaking,  the  responsibility  for  a  satisfactory  contract 
(assuming  it  is  adequately  specified),  is  vested  in  the  contractor's  hands. 
The  inspector  or  Municipal  representative,  has  certain  duties,  but  it  is  my 
opinion  that  he  must  be  careful  not  to  tell  the  contractor  HOW  the  finished 
job  should  be  achieved.   There  is  a  definite  need  to  allow  the  contractors 
some  ingenuity  in  introducing  new  construction  procedures,  but  the  end  result 
or  intent  of  the  specifications  must  be  met.  (i.e.  Specifications  should  be 
general  enough  to  allow  flexibility,  but  specific  enough  to  ensure  the  desired 
results).   It  is  important  to  emphasize  that  any  new  procedures  suggested  by 
the  contractor,  should  be  referred  for  approval  to  a  higher  authority.   The 
higher  authority  might  be  the  Chief  Works  Inspector  or  the  Engineer  in  charge 
of  the  particular  project.   More  than  one  case  has  been  lost  when  the  contrac- 
tor said  "the  Inspector  told  me  to  do  it  this  way  and  I  was  just  following 
instructions".  -  It  can  be  seen  that  this  lets  the  contractor  "off  the  hook", 
and  this  must  be  guarded  against  at  all  times.   Any  good  contractor  knows  how 
to  do  a  jcb  properly  in  most  instances,  but  with  the  profit  incentive  inherent 
in  the  contracting  field,  there  is  a  general  tendency  to  "get  away  with"  as 
much  as  possible.   Hence,  the  need  for  adequate  inspection. 
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One  very  important  rule  for  both  Municipal  employees  and/or  contrac- 
tors is  to  be  completely  conversant  with  the  specifications,  without  falling 
into  the  trap  of  becoming  too  familiar  with  them.   This  over  familiarity  with 
a  contract  sometimes  lulls  one  into  thinking  that  each  contract  will  be  the 
same  as  the  last.   Each  contract  is  different,  and  it  is  important  to  under-  ^ 
stand  each  job  requirement.   Specifications  such  as  "Information  to  Tenderers  , 
"Instructions  to  Bidders",  "Special  Provisions  or  Specifications  ,   Torm  of 
Tender"  and  the  like,  vary  from  job  to  job  and  must  be  understood  by  all  _ 
concerned.   I  would  stress  the  importance  of  never  becoming  too  lackadaisical 
on  the  specifications  relating  to  a  particular  project. 

One  may  ask  "Why  the  need  for  inspection?  "  -  One  answer  would  be 
"to  provide  adequate  safeguards,  both  for  the  owner  and  the  contractor,  on  a 
continuing  scientific  and  professional  basis".   An  inspector  helps  to  achieve 
proper  "sewer  and  watermain  construction  practices".   As  indicated  earlier, 
without  him  the  contractor  would  be  left  to  his  own  means  to  achieve  the 
desired  end  result.   It  is  very  difficult  to  persuade  a  contractor  to  make 
major  repairs  to  a  particular  project  under  any  circumstances,  and  I  would 
submit  that  proper  inspection  helps  both  the  "owner"  and  the  contractor.   It 
is  important,  however,  that  the  inspector  limits  his  duties  to  those  specified, 
and  does  not  actually  direct  the  contractor  in  his  construction  techniques. 
Suggestions  may  be  given,  but  it  should  be  emphasized  that  they  are  suggestions 
only  and  not  directions  or  orders. 

Now  -  What  are  some  of  the  tools  needed  by  good  inspectors?  Some  of 
the  points  that  come  to  mind  would  be  as  follows: 

1)  Good  Laboratory  Facilities  -  In  the  City  of  Niagara  Falls,  we  are  fortunate 
in  having  a  laboratory  in  the  basement  of  our  City  Hall.   Our  laboratory  is 
quite  complete,  and  each  year  we  try  to  add  certain  new  facilities  to 
compliment  the  various  inspection  procedures  carried  out  in  our  City.   In 
the  Sieve  Analysis  Room,  gradations  are  checked  on  all  granular  materials 
used  in  sewer  and  watermain  construction.   In  addition,  we  have  a  Humidity 
Room  for  curing  concrete  cylinders,  and  monies  have  been  set  up  in  this 
year's  Budget  to  acquire  a  Compression  Testing  Machine  for  the  concrete 
cylinders.   Records  are  kept  of  the  performance  of  various  contractors  who 
work  in  the  City  of  Niagara  Falls  so  that  each  contractor  can  be  assessed 

on  future  works  being  bid  upon.   In  addition,  logs  are  kept  of  all  soils 
throughout  the  Municipality  when  ever  a  sample  can  be  taken   Needless  to 
say,  samples  of  the  various  types  of  parent  material  are  taken  from  all 
construction  jobs.   In  addition,  members  of  our  Maintenance  Department  for 
both  sewers  and  watermains  have  been  instructed  to  advise  the  inspection 
staff  of  any  repairs  being  made  to  existing  watermains  or  sewermams,  so 
that  samples  can  be  taken  of  the  various  soil  materials  m  the  Municipality. 
In  this  way,  future  designs  can  be  approached  in  a  more  realist ic  manner, 
and  construction  problems  can  be  anticipated  before  they  are  met  m  many 
instances. 

2)  An  Inspector  must  keen  good  notes  of  all  Construction  ?™j*cts  -  Our 

Inspectors  achieve  this  through  proper  notes  in  the  form  oi  daily  dl aries 
daily  work  records,  "extra"  work  orders  for  payment  purposes,  a  log  on 
number  of  working  days  for  each  project,  and  a  proper  P^torial  ^ary  of 
the  project  achieved  through  pictures  taken  before,  during  and  after  the 
job  has  been  completed.   All  inspection  information  obtained  through 
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2 )  Continued. . . . 

appropriate  chronicling  of  the  various  projects,  should  be  reviewed  by  the 
design  section  of  any  Municipality  to  ensure  proper  future  designs,  based 
on  construction  problems  and  actual  costs. 

3)  Above  all  -  A  GOOD  SENSE  OF  HUMOUR  -  More  than  one  touchy  situation 
developing  from  a  "difference  of  opinion"  has  been  alleviated  through  a 
proper  sense  of  humour  and  good  common  sense. 

To  keep  proper  control  on  construction  costs , (part icularly  when  the 
work  is  being  done  by  Municipal  forces)  daily  job  accounting  and  inspection 
records  are  absolutely  essential.   On  contract  jobs,  records  should  be  kept 
of  all  machinery  used,  soil  conditions,  weather  conditions,  and  rate  of  progress 
for  different  jobs.   This  information  can  then  be  used  to  establish  good  con- 
struction techniques  for  varying  types  of  work,  and  also  to  allow  better 
estimating  on  future  jobs  involving  similar  conditions.   The  City  of  Niagara 
Falls'  Inspection  Department  is  presently  following  this  procedure,  and  it  is 
hoped  that  more  accurate  estimates  of  future  construction  jobs  will  be  achieved, 
based  on  actual  soil  conditions  (or  probable  soil  conditions)  and  anticipated 
construction  techniques. 


SAFETY 


There  are  twn  main  acts  governing  safety  procedure  on  all  construc- 
tion projects.   One  is  known  as  the  Trench  Excavators  Protection  Act  and 
Regulation  559,  and  fch#*  other  is  known  as  the  Construction  Safety  Act.   These 
Acts  deal  mainly  with  the  duties  of  the  inspector,  the  duties  of  the  contractor, 
various  types  of  apparel  that  must  be  worn,  and  different  procedures  and  safety 
devices  that  must  be  used  and  followed.   Safety  is  a  vital  part  in  construction 
techniques  or  practices,  and  it  is  essential  that  anyone  involved  in  the  con- 
struction industry  be  completely  familiar  with  both  Acts. 

As  indicated  earlier,  an  inspector  must  guard  against  directing  a 
contractor  on  the  construction  techniques  or  procedures  to  be  followed.   It 
sheeting  or  shoring  is  required,  certain  minimum  requirements  are  indicated  In 
the  Trench  Excavators  Protection  Act.   It  should  be  emphasized  that  certain 
conditions  require  more  than  specified  in  the  Act,  and  any  Municipal  inspectors 
should  guard  against  recommending  or  approving  the  type  of  sheeting  to  be  used. 
It  is  my  opinion  that  the  sheeting  of  a  trench  is  the  responsibility  of  the 
contractor,  and  it  is  the  duty  of  the  Trench  Inspector  to  ensure  that  adequate 
sheeting  and  shoring  is  placed  in  the  trench.   An  example  of  conditions  requir- 
ing shoring  in  excess  of  that  required  in  the  Act  would  be  a  trench  under 
artesian  conditions.   In  this  instance,  it  is  possible  that  the  contractor  might 
be  required  to  use  12  x  12  timbers,  whereas,  according  to  the  Act,  8  x  8  or 
10  x  10  timbers  would  be  sufficient.   I  would  reiterate  that  when  sheeting  is 
required  in  a  trench,  the  onus  is  on  the  Contractor  to  provide  the  proper 
safeguards.   In  some  instances,  steel  sheeting  is  needed  because  of  ground 
conditions. 

It  is  self-evident  that  accidents  must  be  prevented  on  all  projects, 
not  only  from  the  all-important  safety  standpoint,  but  also  to  ensure  good 
public  relations.   Some  Municipalities  have  by-laws  which  specify  the  types  of 
barriers,  barricades,  etc.,  which  must  be  installed  for  each  construction 
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project,  as  wr>ll  as  giving;  a  general  indication  of  the  extent  and  type  of 
detour  signs  that  must  be  provided  by  the  contractors.   The  City  of  Niagara 
Falls  has  a  Traffic  Manual  which  is  a  requirement  on  all  construction 
procedures,  and  this  manual  specifies  the  type  and  size  of  signs  to  be  used 
in  all  detours  and  other  type  of  barricades  to  be  used  in  the  Municipality. 
Procedures  to  be  followed  by  the  contractors  wishing  to  do  work  in  the  City 
are  not  specified  in  this  manual,  but  some  Municipalities  have  by-laws 
which  cover  this  type  of  procedure.   I  would  recommend  that  by-laws  and 
traffic  manuals  be  considered  in  any  municipality  involved  in  sewermain  and 
watermain  installations,  to  ensure  proper  conveniences  to  the  public,  and 
also  to  ensure  adequate  safety  requirements  on  the  various  projects. 

In  the  over-all  safety  picture,  it  is  obvious  that  safety  must 
begin  with  the  individual.   It  is  essential  that  a  hard  hat  be  worn  on  all 
construction  projects,  and  the  law  now  requires  that  safety  footwear  also  be 
worn  by  all  personnel  engaged  in  construction,  or  working  adjacent  to  a 
construction  site.   This  would  apply  to  field  crews  working  in  the  general 
vicinity  of  any  construction  site,  as  well  as  the  inspectors  themselves.   Of 
course,  the  contractor  is  responsible  for  ensuring  that  all  his  employees 
wear  the  proper  safety  apparel  including  safety  hats  and  safety  footwear. 
It  is  my  opinion  that  a  Municipality  should  set  a  proppr  example  for  the 
contractors  to  follow,  and  this  would  include  any  engineers  who  might  visit 
the  site  for  periodic  inspections.   The  law  is  quite  clear  that  ANYONE 
visiting  a  construction  site  must  wear  the  proper  safety  apparel.   Proper 
construction  techniques  and  enforcement  of  these  techniques  involve  two  very 
simple  ar.d  basic  precepts.   The  first  is  that  a  tidy  site  is  a  safe  site. 
Boards  with  nails  protruding,  broken  glass,  etc.,  (uve  no  place  at  a 
construction  site.   The  second  basic  safety  rule  if.  that  unnecessary  risks 
are  never  taken,  no  matter  how  much  time  or  labour  might  be  saved  by  so 
doing. 

While  discussing  various  safety  aspects  and  procedures  to  be  followed, 
I  would  direct  your  attention  to  one  section  of  the  Trench  Excavators  Protec- 
tion Act  which  indicates  that  no  tool,  machinery,  timber  or  other  objects  shall 
be  placed  in  or  kept  adjacent  to  a  trench  in  a  manner  that  may  endanger  the 
safety  of  the  person  in  the  trench.   As  you  will  realize,  this  is  a  fairly 
general  statement,  which  covers  a  multitude  of  sins.   I  would  emphasize,  how- 
ever, that  it  is  your  duty  to  ensure  a  proper  and  safe  project,  and  any  job 
where  a  man  could  be  working  directly  below  a  bucket  of  a  backhoe  or  dragline 
for  instance  or  where  a  piece  of  equipment  was  too  close  to  the  trench  edge, 
would  constitute  a  threat  to  the  safety  of  the  project,  and  the  job  could  be 
shut  down.   There  are  certain  regulations  in  the  Trench  Excavators  Protection 
Act  regarding  the  shape  of  the  trench,  and  this  shape  should  be  maintained 
wherever  possible.   As  you  may  know,  the  contractor  is  not  to  construct  an 
underground  utility  in  a  trench  over  six  feet,  without  the  use  of  sheeting,  and 
that  depth  without  sheeting  is  only  allowed  in  hard  or  solid  soil.   He  may 
have  only  the  first  four  feet  vertical  and  the  banks  of  the  remainder  of  the 
trench  must  be  sloped  at  a  one  to  one  slope.   It  is  necessary  to  be  alert  to 
changing  trench  conditions  at  all  times,  and  this  is  particularly  true  in  the 
winter  months  where  frozen  soil  could  change  to  a  weatened  condition  during 
thaw  periods.   Clay  in  particular  is  sometimes  violently  subject  to  freeze 
and  thaw  periods  in  that  it  remolds  and  consequently  weakens  the  fill  material. 

One  other  point  I  would  stress  from  the  Trench  Excavators  Protection 
Act  indicates  that  no  excavated  material  shall  be  placed  within  two  feet  of 
the  edge  of  the  trench.   Of  course,  some  means  must  be  provided  for  the  workers 


-  347  - 


to  Rain  ingress  and  egress  to  and  From  the  tronch.   The  Act  specifies  that  d 
ladder  must  be  in  the  trench  at  all  times  when  men  are  working  in  the  trench. 
One  final  point  on  safety  in  trenching  operations  would  relate  to  the  possi- 
bility of  danger  in  an  open  trench  when  steel  sheeting  is  being  used  and  a 
rain  storm  with  lightning  is  in  the  area.   The  consequences  of  lightning 
striking  the  steel  sheeting  while  a  man  is  leaning  against  it  in  a  wet  trench 
are  obvious,  and  fortunately,  most  contractors  and  workers  have  enough  sense 
to  realize  this.   Once  again,  as  part  of  your  general  responsibilities,  I 
would  suggest  that  it  would  be  your  moral  duty  if  nothing  else  to  remind 
them  of  the  possible  danger  if  they  do  not  realize  the  hazards. 


PIPE 

One  of  the  fundamental  principals  in  knowing  good  construction 
practices  is  to  know  what  type  of  pipe  is  generally  used. 

1)  SEWERMAINS  -  Some  of  the  pipe  used  in  the  construction  of  sewermains  would 
be  vitrified  clay,  concrete,  asbestos  cement,  plastic  and  corrugated  metal 
pipe.  One  of  the  factors  that  influence  municipalities  in  their  selection 
of  one  pipe  over  another  is  the  use  to  be  made  of  the  sewer  (i.e.  storm  or 
sanitary),  and  the  amount  of  filtration  (i.e.  infiltration  or  exf titration ) 
to  be  allowed. 

WATERHAINS  -  The  following  are  some  of  the  types  of  watermains  now  in 
general  use  -  concrete  pressure  pipe,  steel,  asbestos  cement,  cast  iron 
and  plastic.   As  with  the  sewermain  installations,  certain  municipalities 
are  influenced  in  their  selection  of  the  type  of  pipe  being  used  based  on 
past  experience,  and  in  some  cases,  certain  areas  are  restricted  in  the  use 
of  the  materials  because  of  the  nature  of  the  soil.   One  such  example  would 
be  the  conductivity  of  the  soil  leading  to  corrosion  of  various  types  of 
pipe.   The  same  could  be  said  for  the  sewermain  of  course. 

2)  JOINTS  -  Many  types  of  joints  are  possible  for  both  sewer  and  watermain 
pipe.   Each  should  be  installed  according  to  the  manufacturer's  specifica- 
tions, but  only  if  the  pipe  is  acceptable  to  the  "owner". 

I  will  discuss  sewer  joints  mainly  in  this  paper,  since  most  of  the 
problems  seem  to  relate  to  sewer  installations.   I  might  add,  however, 
that  although  sewer  installations  seem  to  involve  more  frequent  problems 
during  construction,  watermain  problems  tend  to  be  more  serious. 
(Example  -  a  break  or  leak  in  a  trunk  watermain). 

It  is  absolutely  essential  to  have  good  joints  in  all  sewermain 
installations,  and  I  would  emphasize  the  word  ALL  sewermain  installations 
and  at  each  joint.   The  joint  of  a  sewer  system  could  probably  be  termed 
the  "weak  link"  of  the  system,  if  all  other  things  are  considered  to  be 
equal  (i.e.  the  more  joints  there  are  the  more  possible  trouble  spots). 
The  following  is  an  excerpt  from  the  O.W.R.C.  Standard  Specification 
covering  concrete  pipe  (for  sizes  up  to  and  including  36"  in  diameter)  - 
"sufficient  pressure  shall  be  applied  in  making  the  joint  to  assure  that 
the  joint  is  "home"  as  defined  in  the  standard  installation  instructions 
provided  by  the  pipe  manufacturer.   Sufficient  restraint  shall  be  applied 
to  the  line  to  assure  that  joints,  once  "home",  are  held  so  by  tamping 
fill  material  under  and  along  side  the  pipe,  or  otherwise.   At  the  end  of 
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a  day's  work,  the  last  pipe  shall  be  blocked  in  such  a  manner  as  may  be 
required  to  prevent  creep  during  'down  time'  ".   The  above  specification 
is  an  indication  of  the  type  of  "pull  up  pressure"  that  is  deemed 
desirable,  and  I  would  also  indicate  that  the  use  of  feeler  gauges  is  a 
good  practice  to  determine  if  the  pipe  is  "home"  and  that  the  proper 
amount  of  tolerance  has  been  achieved. 

It  is  noted  that  asbestos  cement  pipe  comes  in  longer  lengths  than 
most  pipes  (i.e.  14'  to  16'  versus  the  usual  V  to  6'),  and  it  is  also 
noted  that  the  newer  plastic  pipe  materials  can  also  be  provided  in 
fairly  long  lengths.   One  example  of  a  plastic  pipe  which  was  installed 
in  the  HuntsviUe  area,  involved  lengths  of  pipe  in  the  thousands  of  feet 
continual  length.   As  I  understand  the  particular  installation,  the  pipe 
was  floated  to  the  site  in  the  enormous  lengths  indicated  above.   Because 
of  the  friction  factor  and  the  weight  of  the  long  length  of  pipe,  difficulty 
was  encountered  in  pulling  the  pipe  up  on  to  the  ground  to  the  construction 
site.   This  apparently  was  resolved  by  moving  the  pipe  on  to  the  ground 
after  a  rain  storm,  which  cut  down  on  the  friction  factor  between  the  pipe 
and  the  ground  surface. 

Certain  tolerances  should  be  achieved  at  any  joint  in  the  construc- 
tion of  sewermains.   The  horizontal  joint  left  between  the  bell  and  spigot 
of  a  concrete  pipe  should  not  be  any  more  than  a  1/4"  in  small  pipe  sizes; 
no  more  than  1/2"  or  so  on  larger  pipes  such  as  24"  to  36".   On  asbestos 
cement  sewer  line  installations,  it  is  desirable  that  feeler  gauges  should 
be  employed  to  ensure  that  the  gasket  is  in  the  proper  position.   It  is 
also  essential  to  ensure  that  the  joint  itself  has  not  been  cracked  as  a 
result  of  excessive  pressure  used  in  joining  the  two  pipes. 

Generally  speaking,  pipes  have  rubber  gasket  joints,  and  if  rubber 
gasket  joint?  are  specified,  it  is  necessary  to  make  certain  that  the 
gaskets  are  of  the  proper  type  for  the  pipe  being  used.   You  may  recall 
my  earlier  comment  about  the  contractor  trying  to  carry  out  the  job  in 
the  most  "economical"  manner  possible.   I  would  advise  any  municipal  _ 
official  involved  in  the  inspection  of  a  sewermain  project,  to  disbelieve 
any  contractor  when  he  tells  you  he  will  "mortar"  the  joints  solidly,  and 
that  mortaring  is  better  than  a  gasket.   This  is  not  true.   Mortar  is  too 
porous  -  and  has  the  tendency  to  crack  if  the  pipe  moves  -  thus  causing 
leakage  problems.   Also,  during  any  inspection,  the  inspector  should 
ensure  that  there  are  no  "hanging  gaskets"  or  large  gaps  in  the  joints. 


PROCEDURES  TOR  A  CONSTRUCTION  JOB 

Each  underground  construction  job  is  different,  but  a  certain  basic 
routine  will  usually  be  applicable.   There  are  certain  "before  construction  , 
"during  construction",  "testing",  and  "after  construction"  procedures  that  are 
generally  followed,  and  I  will  attempt  to  describe  a  few  of  them  at  this  time. 

1)  Before  Construction  -  One  of  the  first  things  that  should  be  done  before 
any  contract  is  started  is  to  make  certain  that  proper  arrangements  have 
been  made  for  utility  layouts,  and  it  is  advisable  for  all  inspectors  to 
question  the  contractor  on  this  point  before  a  job  is  started.   It  is  most 
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embarrassing,  and  sometimes  fatal  if  this  procedure  is  not  done,  if,  for 
instance,  an  underground  hydro  cable  is  encountered.   A  visit  should  be 
made  to  the  site  with  the  contractor  to  review  the  ground  conditions, 
and  it  is  very  desirable  that  a  pre-contract  meeting  be  held  with  the 
Contractor  and  the  Project  Engineer.    This  preliminary  meeting  will 
ensure  that  various  items  important  to  the  job  are  discussed  and  that  a 
thorough  understanding  of  the  project  is  available  to  all.   It  is  also 
advisable  to  have  the  Contractor's  telephone  number  at  the  site  and  at 
the  homes  of  the  owners  representatives  as  well.   These  numbers  should 
be  given  to  all  concerned  with  the  job,  so  that  emergencies  can  be 
reported,  if  the  need  arises.   It  follows,  of  course,  that  the  Contrac- 
tor must  have  certain  'phone  numbers  -  including  the  home  of  the 
Inspector. 

All  pipes  should  be  checked  for  any  faults  when  they  first  arrive 
at  the  job  site.   The  Contractor  should  not  be  allowed  to  dump  the  pipe 
off  the  truck,  since  this  procedure  would,  of  course,  be  inviting  chips 
and  cracks  in  the  pipe.   Every  pipe  should  be  checked,  not  just  samples, 
and  any  chipped  or  cracked  pipe  should  be  set  aside.   One  use  made  of 
pipes  with  chipped  bells  or  chipped  spigots  would  be  at  manholes,  but 
any  pipes  with  chipped  bells  or  spigots  should  not  be  used  in  the  main 
line  unless  the  chip  happens  to  be  of  a  very  minor  nature.   Pipes  with 
improper  dimensions,  rough  pipes  or,  of  course,  the  shipped  pipes  should 
be  rejected,  and  all  rejected  pipes  should  be  marked  (preferably  with 
paint)  and  removed  from  the  site  as  quickly  as  possible.   There  is  always 
the  tendency  to  use  the  pipe  somewhere  along  the  way  if  the  pipe  is  not 
removed  at  an  early  date.   The  type  and  class  of  pipe  should  be  stamped 
on  each  pipe,  and  the  date  of  manufacture  should  also  be  indicated.  The 
need  for  the  date  of  manufacture  avoids  any  "green"  pipe  being  delivered 
to  the  site  (i.e.  pipes  that  may  be  "too"  new).   All  pipe  and  other  mat- 
erials should  be  stored  as  clear  of  the  trench  as  possible,  and  certainly 
as  specified  in  the  pertinent  Safety  Act.   The  storage  of  materials  clear 
of  a  trench  is  obviously  a  good  safety  precaution  which  really  adds  noth- 
ing to  the  contract  price.   At  the  same  time,  this  practice  could  prevent 
injury  in  the  event  of  the  trench  collapsing  because  of  loading  or 
structural  deficiencies. 

Before  any  pipe  is  installed,  it  is  always  wise  to  check  the  align- 
ment and  grade  by  the  batter  boards  which  have  been  set  up  for  the  sewer 
installation  -  if  this  method  is  being  used.   String  lines  and  batter 
boards  have  become,  generally  speaking,  standard  practice  for  most  installa- 
tions.  On  occasion,  a  transit  is  used  to  install  each  sewer  line,  and  more 
recently  more  refined  methods  such  as  the  use  of  a  laser  beam  have  been 
instituted.   It  is  generally  accepted  procedure  that  at  least  three  batter 
boards  (preferably  four)  be  in  use  for  placing  each  pipe.   The  Inspector 
should  be  supplied  with  a  copy  of  all  grade  sheets  used  for  underground 
installation,  and  an  inspector  should  be  completely  familiar  with  the 
use  of  and  the  method  of  producing  the  grade  sheets.   The  inspector  should 
check  each  pipe  installation,  during  the  course  of  construction,  all  the 
while  making  certain  that  the  contractor  is  completely  aware  that  it  is^ 
his  responsibility  for  the  proper  installation  of  the  underground  facility. 
It  must  always  be  realized  that  grade,  size  of  pipe  and  material  of  pipe 
all  combine  to  give  a  capacity  of  a  system,  and  if  the  grade  or  alignment 
is  not  correct,  the  capacity  is  affected.   Any  inspector  of  a  sewer  line 


-  350  - 


1)   Before  Construction  -  Continued. 


should  be  insistent  that  the  contractor  install  each  pipe  to  proper  grade 
and  line  so  that  no  ponding  exists,  and  that  at  least  3/H  of  a  circle 
and  preferably  a  full  circle  can  be  seen  from  one  manhole  to  the  next. 
As  with  the  installation  of  sewermains,  poor  grade  and  alignment _on 
watermains  or  forcemains  could  cause  air  pockets,  which  once  again  _ 
affects  the  capacity  of  a  system.   Also,  if  too  great  a  difference  in 
el-vat  ion  from  that  specified  occurred  in  the  field,  conflicts  could 
also  occur  with  other  utilities  -  thus  requiring  extensive  changes  to 
the  other  utilities  or,  perhaps,  the  utility  being  installed. 

2)   During  Construction 
a )     Procedures 

Where  possible,  it  is  desirable  to  use  the  parent  material  for 
backfill  to  guard  against  differential  settlement.   When  working  in 
clay  soils   it  is  best  to  pulverize  the  material  during  excavation,  to 
allow  easier  compaction  at  a  later  date.   This  could  be  done  by  using  a 
"trencher"  machine.   Basically,  any  excavation  procedure  can  be  used  in 
sandy  or  silty  materials,  although  frozen  particles  should  not  be  used 
in  any  backfilling  operation  because  of  compaction  and  differential 
settlement  problems.   As  an  example,  if  a  granular  material  were  sub- 
stituted for  a  clav  material,  differential  settlement  would  probably  _ 
occur  in  the  winter  months.   This  would  be  caused  by  a  greater  expansion 
of  the  clay  material  during  freeze  periods,  as  compared  to  the  granular 
material.   If  for  instance,  the  sewer  were  installed  in  the  middle  of  the 
roadT  this  could  cause  a  "swale"  along  the  middle  of  the  road  which  could 
be  quite  dangerous  when  one  considers  the  possibility  of  ice  PJ^"» 
the  middle  of  the  road.   Of  course,  the  problems  with  differential  settle 
ment  must  he  weighed  against  the  problem  of  nut  being  able  to  obtain 
sufficient  initial  compaction  using  the  parent  material.   The  reverse 
would  then  be  true  with  the  trench  settling  continually. 

It  is  customary  practice  to  start  at  the  lower  or  outlet  end  of 
a  sewer  job  and  to  work  upstream.   One  of  the  problems  of  starting  at 
the  upper  end  would  be  a  need  for  continual  pumping  of  water  from  the  _ 
upstream  ewer  which  would  be  hampering  the  installation  of  the  r.ex  pipe. 
When  working  in  the  usual  manner,  the  only  water  encountered  is  that 
found  in  the  trench  itself.   One  point  of  particular  interest  relates  to 
sewer  construction  which  starts  at  an  existing  sewer.   It  is  essential 
that  a  substantial  bulk  head  be  installed  at  the  outlet  of  the  newsewer 
where  it  joins  with  the  existing  sewer,  to  prevent  premature  flow _ into 
the  existing  sewer  before  the  new  sewer  line  hasbeen  completely  installed. 
An  example  of  a  possible  problem  relating  to  an  insufficient  bulk  head 
would  be  the  case  of  a  sewer  being  installed  for  a  short  distance  and  a 
heavy  rainfall  occurring.   The  new  sewer  line  could  very  quickly  *« 
surcharged  with  water  from  the  trench  (including  mud  and  silt   and  if  this 
were  to  escape  into  the  existing  sewer  extensive  damages  could  occur 
particularly  if  the  existing  sewer  were  a  sanitary  sewer  only  and  was  not 
designed  for  rainfall.   One  of  the  problems  that  could  occur  would  be  the 
surcharging  of  the  sewer  or  even  blocking  of  the  sewer,  with  sanitary 
sewage  the"  Into  finished  recreation  rooms.   To  guard  against 
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this,  it  is  necessary  to  ensure  that  sufficient  bulk  heads  are  placed 
between  the  existing  sewer  line  and  the  new  sewer  line,  and  that  the 
new  sewer  line  is  properly  blocked  at  the  end  of  each  day's  work  or 
before  a  rainfall  occurs.   In  installing  bell  and  spigot  pipe,  it  is 
essential  that  the  bell  end  of  the  pipe  be  placed  facing  upstream,  to 
permit  easy  installation  of  the  next  spigot.   If  this  procedure  were 
not  followed,  it  would  be  necessary  to  move  the  downstream  spigot  end 
every  time  the  next  upstream  pipe  were  installed. 

The  usual  methods  for  sewer  and  watermain  installations  involve 
open  cut  procedures;  (a)  open  cut  with  punchings  -  which  is  merely  an 
open  cut  procedure  with  various  planks  being  installed  at  certain 
intervals  along  the  trench  (supported  by  jacks  or  struts  )   -  this 
procedure  is  generally  used  in  fairly  solid  soils;  (b)  close  sheeting 
which  involves  the  placement  of  various  sizes  of  sheeting  supported  by 
whalers  and  struts;  <c)  tunneling;  or  (d)  bore  jacking.   Bore  jacking 
usually  involves  the  jacking  of  a  liner  plate  under  an  existing  roadway 
or  railway,  and  the  material  is  then  "bored"  out  of  the  liner  plate  by 
means  of  a  special  machine.   In  some  installations,  the  "jacked"  casing 
is  used  as  a  tunnel  liner  and  the  material  is  actually  mined  out  of  the 
liner  plate.   The  liner  plate  is  of  a  larger  size  than  the  actual  utility 
to  be  installed,  and  provides  a  shield  for  it.   In  some  cases,  a  spongy 
soil  could  be  encountered  and  the  sides  of  the  trench  will  tend  to  crack. 
In  instances  such  as  described  above,  occasionally  a  large  metal  box  is 
used  and  carried  along  as  the  sewer  is  being  constructed,  or,  of  course, 
a  timber  box  could  sometimes  be  used  instead.   It  should  be  noted  that 
the  pipe  layers  then  work  inside  the  box.   In  all  instances,  it  is  most 
advantageous  that  the  contractor  get  in  and  out  of  any  area  as  quickly  as 
possible,  particularly  in  soft  silty  soil  that  has  a  tendency  to  crumble 
and  is  very  subject  to  heavy  moisture  conditions. 

On  watermain  installations,  the  new  pipe  is  usually  connected  to 
the  existing  watermain  using  a  "dry"  method  or  a  "live"  method.   The  "dry" 
method  merely  involves  shutting  off  a  sufficient  length  of  the  existing 
water  line,  pumping  out  that  section  of  water  line,  cutting  out  a  section 
of  the  water  line  to  permit  the  installation  of  a  "T" ,  and  the  connection 
of  the  new  line  to  this  section.   It  is  usually  desirable  that  a  valve 
be  installed  as  close  to  the  new  "T"  as  possible,  so  that  the  existing 
line  can  be  recharged  and  the  remainder  of  the  new  line  installed  in  a 
dry  condition.   Of  course,  the  alternative  is  the  use  of  the  "live"  method, 
and  this  merely  involves  the  use  of  a  tapping  machine  to  tap  into  the 
existing  line  under  pressure.   The  usual  procedure  on  this  method  is  with 
a  tapping  sleeve  and  valve,  which  involves  the  placement  of  a  sleeve  over 
the  existing  line  to  reinforce  the  line,  following  which  a  tap  is  made 
into  the  existing  line  under  pressure  with  a  valve  connected  to  the  tap. 
This  keeps  any  water  from  entering  the  new  alignment  ,  and  also  allows  the 
existing  line  to  remain  in  use. 

All  beddings  on  new  pipes  should  be  well  compacted  and  should  be 
shaped  to  provide  a  uniform  support  across  the  entire  length  of  the  pipe. 
A  gap  in  the  bedding  should  be  left  at  the  bell  and  then  compacted  in 
place  after  the  next  pipe  has  been  placed.   The  most  important  section 
of  bedding  on  any  pipe  is  to  the  spring  line,  and  it  is  necessary  to 
ensure  that  uniform  support  is  achieved  with  no  gaps  being  left.   The 
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compaction  ;nce  of  the  bedding  isn't  quite  as  important, 

although  it  should  be        by  hand  and  properly  tamped  in  accordance 
with  specifications.   The  upper  half  of  the  bedding  is  more  of  a 
precaution  to  prevent  the  pipe  from  being  disturbed  when  the  balance 
of  the  backfi      ration  is  carried  out  above  the  pipe.   I  would  stress, 
however,  that  the  specifications  should  be  met  to  their  fullest  extent, 
although  greater  emphasis  would  have  to  be  placed  to  the  lower  section 
of  the  bedding  on  the  <       pipe  installations. 

bedding  on  a  pipe,  it  is  necessary,  of 
course,  to  ensuri       the  pi:      lowered  properly  into  the  trench. 
Smaller  or  L ij         es  can  be  lowered  into  the  trench  by  means  of 
ropes.   Of  '  Fficult  as  the  pipes  become 

larger,  and  the  need  Ling  with  the  assistance  of  cranes 

or  backhoes  i:  '!;  se  larger  pipes.   As  indicated 

earlie:  i  •  >    workmen  to  stand  clear  of 

any  pipes  being  lowered      the  trench  -For  obvious  safety  reasons. 

In  the  i-pe ,  an  external  gasket  joint  is 

sometimes  used.   Wht  gasket  is  used,  pipes  are  usually  brought 
together  by  hand  with  a  gap  of  1/2"  being  left  between  the  pipe.   The 

joint  is  the:;  ■  external  gasket.   A  more  recent  development 
in  the  use  of  vitrified  clay  pipe  involves  the  use  of  a  "Flex-Lox"  joint. 

This  is  basically  a  ;  nt  which  has  been  fastened  to  the 

plain  end  o  •   The  "Flex-Lox"  joint  makes  up 

for  "certain  out  'me  of  the  vitrified  clay  pipe,  and 

it  would  appear  tl  int  will  prove  to  be  very  successful 

for  vitrified  clay  pipe.  Sinai         tos  cement  pipes  and  concrete 

pipes  may  also  be  placed  by  hand,  but  most  sizes  require  the  use  of  a 

lever  or  jack  Lthin  working  distance  of  each 

other-   The  use  o<  letimes  an  expedient  manner  to  push 

pipes  togel  1 lems  with  the  bells  of  the 

pipes  being  nipped  by  the  bucket  as  the  pipes 

are  pushed  together.   As  i           the  standard  specification  of  the 

O.W.R.C. ,  it  is  €  "  if  at  all  possible  in  pipe. 

A  number  of  situati  the  past  wherein  the  contractor  has 

installed  a  pi  lance  w         inufacturer'  s  directions  and 

later  found  that  nts  have  come  apart.   This  movement 

is  more  th.  -nd  condition  which  causes 

the  pipe  to  -he  joint  to  pull  apart. 

The  use  of  '  em  of  jacks  and  cables  is  one 

of  the  recommended  meth<  to  ensure  proper  joining  of  pipes. 

Ai-   each  pipe  extended,  and  then  connected  to 

the  bell  of  the  ups  ipe  is  then  "jacked"  into  position. 

Good  construction  pr  nstance  dictates  that  the 

end  of  the  sewer  '-'he  end  of  each  day's  working,  to 
prevent  movemenl 

,  should  be  checked  at 
least  oi  "freeze-thaw"  periods  of  the 

year.   The-  establish  elevations)  have 

a  tender  isfid  considerable  concern  on 

more  thai  "  e  »  i™  sorae  cases, 

drasti«  '  "hubs". 
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It  is  necessary  to  ensure  that  the  maximum  width  of  trench  (at 
the  top  of  pipe)  is  not  exceeded,  or  the  design  criteria  for  the  pipe 
could  be  sufficiently  altered  to  cause  a  failure  of  the  pipe.   As 
probably  explained  in  earlier  papers,  the  load  on  the  pipe  is  equal  to 
CWB   (B  =  the  width  of  the  trench  at  the  top  of  the  pipe).   With  C  and 
W  being  constants  for  the  backfill  material,  the  loading  on  the  pipe 
varies  as  the  square  of  the  trench  width.   Assuming  a  required  width  of 
2  ft,  it  can  be  seen  that  a  4  f t .  trench  would  impose  a  load  four  times 
that  designed  for  originally.   It  is  important,  therefore,  to  keep  a 
watch  on  the  trench  width,  in  accordance  with  those  conditions  stipula- 
ted in  the  specifications.   When  the  trench  width  becomes  three  times 
greater  than  the  diameter  of  the  pipe,  an  embankment  condition  is  said 
to  exist,  and  the  pipe  must  be  designed  accordingly.   Unless  a  note  to 
that  effect  is  indicated  on  the  contract  drawings,  an  inspector  must 
assume  that  the  design  has  been  made  for  trench  conditions,  and  a 
special  watch  should  be  made  to  ensure  that  the  trench  width  at  the  top 
of  the  pipe  is  not  exceeded.   In  cases  of  doubt,  it  is  wise  for  the 
inspector  to  consult  with  the  Engineer  in  charge  of  the  particular 
project  to  obtain  his  viewpoints  on  the  matter. 

Thrust  blocks  or  cushion  blocks  are  required  on  watermains  and 
forcemain  installations,  and  it  is  important  that  the  blocks  be  properly 
placed.   Usually  these  blocks  are  placed  at  bends,  behind  hydrants,  at 
"T's",  and  at  dead  ends  to  prevent  the  joints  from  blowing  apart  under 
pressure. 

The  backhoe  is  the  most  usual  type  of  equipment  used  for  excavations 
necessary  for  sewer  and  watermain  installations.   There  is,  however,  a 
limit  to  the  amount  of  reach  when  using  a  backhoe,  and  different  construc- 
tion procedures  require  the  use  of  different  types  of  equipment  as  well. 
Where  sheeting  is  used,  it  is  usual  practice  for  a  crane  and  clambucket 
to  be  used.   In  some  instances  a  backhoe  with  a  hydraulic  control  can  be 
used  in  a  sheeting  operation.   When  using  a  clam  in  sheeting  operations, 
the  use  of  a  system  of  cables  makes  the  clam  a  more  difficult  and  slow 
piece  of  equipment  to  use.   A  slower  pace  of  operation  can  be  anticipated 
when  compared  with  a  backhoe.   A  drag  line  is  yet  another  piece  of  equip- 
ment that  has  its  limited  applications.   Like  the  clam,  it  is  operated 
with  a  system  of  cables.   While  the  drag  line  is  limited  in  the  depth 
of  excavation  possible,  its  main  advantage  is  its  ability  in  casting 
material.   It  should  be  noted  that  drag  line  buckets  and  clam  buckets 
are  interchangeable  on  cranes.   The  same  cables  may  be  used  for  both, 
except  that  in  the  case  of  the  drag  line  an  additional  horizontal  cable 
is  required  as  well.   It  can  be  seen  from  this  that  the  clam  may  be  used 
for  the  excavation,  the  fill  may  be  placed  on  the  site  of  the  trench, 
and  later  the  drag  line  bucket  may  be  inserted  on  the  crane  and  the 
bucket  used  to  cast  the  excavated  material  to  a  more  convenient  position, 
well  away  from  the  trench. 

Bulldozers  and  front -end  loaders  have  many  uses  in  the  construc- 
tion industry.   These  pieces  of  equipment  are  very  useful  in  the  under- 
ground installation  industry,  as  they  may  be  used  to  haul  pipe,  transfer 
granular  material  from  one  place  to  another,  and  also  used  for  dumping 
bedding  and  backfill  material  in  the  trench. 
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Several  methods  are  used  in  backfilling,  but  the  easiest  way  is 
to  push  all  the  fill  into  the  trench  using  a  bulldozer  or  front -end 
loader.   In  an  open  field  type  of  operation,  this  would  be  quite 
acceptable,  providing  the  pipe  is  properly  bedded,  of  course,  but  in 
built-up  ar«as  or  other  areas  requiring  a  well  compacted  backfill 
material,  this  procedure  is  definitely  not  acceptable  except  where 
vibratory  ccmpacters  are  allowed. 

Manholes  may  be  constructed  out  of  brick,  concrete,  reinforced 
concrete  or'  precast  concrete.   In  most  manholes,  "benching"  is 
required  through  the  manhole  is   well  as  the  proper  channeling  of  the_ 
invert.   This  is  sometimes  known  as  the  berm  in  the  manhole,  and  it  is 
the  shaped  section  of  concrete  extending,  across  the  manhole  and  connect- 
ing the  inverts  of  inlet  and  outlet  pipes.   The  berm  may  be  shaped  either 
from  poured  concrete  or  a  pipe  may  be  extended  across,  cut  off  at  the 
spring  line,  and  concrete  poured  in  to  fill  in  the  space  between  the 
concrete  pipe  and  the  sides  of  the  manhole.   One  of  the  most  important 
points  to  keep  in  mind  during  the  construction  of  any  manhole  is  to 
ensure  that  there  is  a  uniform  cross  section  through  the  manhole  to 
guard  against  the  possibility  of  turbulence  and  possible  corrosion  or 
erosion  of  the  manhole  or  sewer  pipes  in  the  manhole.   In  addition  to 
the  construction  of  manholes,  lamp  holes  and/or  -leanouts  are  sometimes 
constructed,  but  these  are  not  usually  used  in  most  sewer  installations. 
Lamp  holes  are  merely  a  means  of  examining  the  sewer  from  the  lamp  hole 
to  the  next  manhole  by  means  of  lamps  and  mirrors.   Cleanouts  are  a 
similar  installation  but  are  used  more  for  permitting  cleaning  out  of  the 
sewer  line. 

When  manholes  are  constructed,  the  problem  of  trenches  that  are  too 
wide  once  again  rears  its  ugly  head.   I  would  suggest,  in  the  case  of 
large  excavations  around  manholes,  thai  additional  precautions  should  be 
taken  to  provide  support  for  the  pipe  entering  and  leaving  the  manhole. 
It  has  been  my  experience   that  one  of  the  most  numerous  instances  of 
pipes  breaking  or  settling  is  immediately  adjacent  to  a  manhole  and/or 
catchbasin.   In  addition,  it  is  essential  that  all  manholes _ be  construc- 
ted according  to  the  drawing  dimensions  and  that  any  steel  is  properly 
placed.   One  of  the  points  which  I  must  emphasize  is  that  the  proper 
amount  of  concrete  cover  must  be  provided  over  all  steel  used  in  the 
construction  of  manholes.   If  this  precaution  is  not  taken,  the  manhole 
will  "rust"  itself,  and  possible  failure  could  occur.   While  speaking 
on  manholes  and  catchbasins,  I  would  point  out  that  these  appurtenances 
must  be  built  to  the  required  surface  elevation.   In  addition,  the 
location  of  these  appurtenances  is  very  important.   Many  catchbasins  in 
particular,  have  been  constructed  at  a  wrong  location  and/or  grade , 
producing  drainage  problems.   The  final  elevation  of  a  catchbasin  should 
be  set  lust  prior  to  establishing  the  road  grade  or  curb  grade,  thus 
ensuring  the  proper  function  of  the  catchbasin.   All  too  often  the 
catchbasins  are  constructed  to  the  supposed  finished  grade  before  the 
roadway  is  built,  and  when  the  actual  curb  and/or  roadway  elevations 
are  set,  the  catchbasin  is  found  to  be  too  high  or  out  of  proper 
location.   The  final  6"  to  V    of  the  catchbasin  should  be  left  to  near 
the  end  of  the  contract. 
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At  the  beginning  of  this  paper,  I  indicated  that  adequate  laboratory 
facilities  should  be  made  available  to  ensure  proper  quality  control  of 
the  job.   In  keeping  with  this  line  of  thinking,  I  would  stress  that 
proper  concrete  testing  procedures  must  be  followed  during  any  manhole 
construction  involving  concrete,  and  that  sufficient  test  cylinders  should 
be  taken  to  check  the  concrete  strength.   In  addition,  numerous  air 
entrainment  and  slump  tests  should  be  taken  to  ensure  proper  concrete 
quality.   Bedding  material,  as  well  as  backfill  material  when  specified, 
should  be  frequently  tested  and  it  is  wise  to  check  the  source  of  these 
materials  before  work  starts.   This  avoids  problems  after  the  work  is 
started.   Records  must  be  kept  by  the  inspector  of  all  materials  used. 

In  addition  to  proper  tests  on  the  actual  bedding  material,  it  is 
essential  that  all  bedding  be  well  compacted.   The  bedding  should  be 
shaped  to  provide  uniform  support  across  entire  length  of  the  pipe.   As 
explained  earlier,  a  gap  in  the  bedding  should  bo  left  at  the  bell  when 
the  pipe  is  installed,  and  then  placed  around  the  bell  and  compacted  after 
the  next  pipe  is  in  place.   It  is  important  to  realize  that  bedding  is  an 
essential  part  of  the  pipe  design,  and  if  the  bedding  is  not  properly  done, 
the  results  could  produce  a  bedding  worse  than  if  none  had  been  specified. 
In  other  words,  a  class  "D"  bedding  or  worse  could  be  the  result  of  in- 
sufficient compaction.   It  should  also  be  noted  that  bedding  material 
should  be  constructed  evenly  on  both  sides  of  the  pipe,  particularly  to 
the  spring  line,  to  ensure  a  proper  job. 

The  main  idea  of  backfilling  is  to  properly  support  the  pipe,  and 
to  protect  it  sufficiently  before  the  remainder  of  the  backfill  operation 
Is  completed.   Backfilling  in  6"  layers  is  usually  specified  with  mechani- 
cal tampers,  although  sometimes  1'  layer  compaction  with  mechanical 
tampers  is  specified  on  "lesser"  type  roads.   The  mechanical  tamper  type 
of  compaction  is  usually  required  on  existing  roadways,  and  the  higher 
class  roadway  requires  the  smaller  lifts  of  backfill  material  which,  of 
course,  ensures  better  compaction  and  ultimately  less  settlement  in  the 
future.   It  should  be  noted  that  mechanical  tampers  should  not  be  used 
too  close  to  the  pipes,  since  this  practice  could  lead  to  damage  of  the 
pipe  itself.   In  addition,  too  much  tamping  is  not  desirable,  since^over 
compaction  sometimes  produces  the  effect  of  loosening  the  soil  particles. 
Also,  the  vibrations  that  are  possible  through  over  compacted  or  tamped 
soils  could  cause  damage  to  the  pipe.   Periodic  compaction  tests  should 
be  taken  in  conjunction  with  optimum  moisture  tests,  to  guard  against 
over  compaction.    I  would  draw  your  attention  specifically  to  compaction 
around  manholes  and  catchbasins,  since  this  area  seems  to  suffer  in  this 
regard.    How  many  times  has  a  catchbasin  been  rendered  ineffective  because 
of  settlement  around  e  structure? 

While  speaking  on  compaction,  I  would,  for  all  intents  and  purposes, 
recommend  against  "jetting"  of  trenches  to  obtain  compaction.   "Jetting" 
has  not  been  very  successful  except  in  granular  materials.   In  silty  clay 
or  clay,  "bridging"  sometimes  occurs,  and  in  fine  grained  soils,  uniform 
settlement  is  not  usually  achieved.   In  addition,  "jetting"  in  the  bedding 
itself  could  actually  undermine  the  pipe. 

An  inspector  should  watch  out  for  rock  outcroppings  in  the  bottom 
of  trenches.  Pipes  laid  on  a  rock  outcropping  are  subjected  to  a  point 
loading,  and  breaks  inevitably  occur,  especially  in  watermains.   In 
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other  words,  all  the  stress  occurs  at  one  point  in  the  pipe  rather  than 
being  distributed  over  the  entire  length.   It  is  necessary,  therefore, 
that  the  rock  be  removed  and  a  proper  bedding  installed  under  the  pipe 
in  accordance  with  the  specifications  of  the  contract.   Occasionally  an 
existing  sewer  or  other  underground  utility  is  partially  intersected  by 
the  proposed  sewer  facility.   If  the  proposed  sewer  goes  under  the 
existing  utility,  one  method  is  to  chip  out  the  top  of  the  lower  facility. 
This  should  be  done  in  extreme  cases  only,  and  under  no  circumstances 
should  the  BOTTOM  of  a  sewer  be  chipped  out  to  permit  a  crossing  such  as 
described  above.   The  reason  is  obvious.   In  addition,  when  existing 
watermains  are  crossed  and  undermined  because  of  a  new  installation,  the 
watermain  must  be  adequately  underpined  and  supports  placed  along  and 
under  the  watermain  across  the  trench  and  into  the  existing  parent  mater- 
ial of  the  trench  walls. 

While  speaking  on  general  construction  rules  for  underground 
installations,  I  would  emphasize  the  need  to  keep  mud  and  water  out  of 
the  utility  where  ever  possible.   At  the  end  of  each  day's  work,  the  last 
length  of  pipe  should  be  blocked  to  prevent  "creep"  in  a  new  installation, 
and  a  water  tight  plug  should  be  inserted  at  the  end  of  each  connection. 
When  starting  the  job  up  the  next  day,  the  last  length  of  pipe  installed 
should  be  checked  to  make  sure  there  has  been  no  change  in  the  elevation. 
Of  course,  as  indicated  earlier,  an  additional  check  of  the  batter  boards 
would  also  be  necessary  at  the  beginning  of  each  day's  operation. 

b)  Problems 

There  are  many  problems  that  can  be  encountered  during  a  sewer  or 
watermain  installation,  and  the  following  are  but  a  few  of  the  more 
general  ones  to  watch  for: 

i)    The  soil  condition  of  the  bottom  of  the  trench  should  be  carefully 
examined  at  all  times.   If  the  sub-base  is  spongy,  it  may  be 
necessary  to  excavate  to  a  greater  depth  to  permit  the  installation 
of  extra  granular  material  in  the  trench.   This  is  done  in  an  attempt 
to  stabilize  the  trench  bottom,  so  that  a  proper  bedding  for  the  pipe 
can  be  placed  and  compacted.   This  is  usually  achieved  through  the 
use  of  a  coarse  stone. 

ii)     During  almost  every  job,  a  contractor  encounters  water  problems  at 
one  time  or  another  that  require  the  use  of  pumps.   These  water 
problems  could  result  from  a  rain  storm  or  simply  from  an  underground 
source  of  water.   In  any  case,  on  many  occasions,  it  will  be 
necessary  for  him  to  pump  the  water  out  of  the  trench.   In  these  cases, 
it  is  essential  that  the  contractor  have  sufficient  hosing  to  ensure 
that  the  water  is  being  pumped  to  an  acceptable  distance  from  the 
trench.   Nothing  is  more  discouraging  than  being  swamped  by  the  same 
water  that  is  being  pumped  out!   This  may  sound  elementary,  but  you 
would  be  surprised  at  the  number  of  times  this  has  actually  happened 
to  seasoned  contractors. 

There  are  other  instances  where  the  water  problems  in  trenches  cannot 
be  gathered  at  one  point  to  permit  the  usual  pumping  operations. 
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b)  Problems 

ii)    The  usual  procedure  in  this  case  involves  a  series  of  collection 
points,  done  by  what  is  known  as  a  "well-pointing"  technique. 
"Well-points"  involve  the  installation  of  pipe  driven  into  the 
ground  at  intervals,  usually  ranging  from  2  ft.  to  5  ft.,  depend- 
ing on  the  nature  of  the  soil.   The  ends  of  the  pipes  are  usually 
perforated  to  permit  the  ground  water  to  enter  the  pipe.   After 
installation,  the  pipes  are  usually  flushed,  following  which  the 
pipes  are  inter-connected  by  a  collection  pipe  which  is  then 
connected  to  a  pump  or  series  of  pumps.   The  system  is  similar  to 
a  "catchment"  system,  and  the  pump  then  directs  the  water  to  a 
convenient  ditch  or  catchbasin  nearby.   Well-points  are  used  not 
only  to  control  the  flow  of  water,  but  also  to  stabilize  the  ground. 
In  silty  clay  soils,  well-points  are  not  found  to  be  very  effective, 
but  well-pointing  has  proven  to  be  effective  in  areas  of  quick-sand. 
In  the  silty  clay  soil  the  fine  particles  have  a  tendency  to  clog 
the  pipes  before  the  water  can  be  effectively  pumped  out.   In  soils 
of  a  fine  nature,  a  granular  filter  is  usually  placed  around  the 
outside  of  each  well-point.   The  usual  practice  is  the  placement 
of  an  outer  casing  in  the  first  instance,  followed  by  a  flushing 
and  placing  of  granular  material  in  the  casing.   The  well-point  is 
then  inserted  inside  this  outer  casing.   This  method  has  been 
found  most  effective,  although  the  expense  of  this  type  of  operation 
can  be  readily  appreciated. 

iii)    While  boring  or  bore- jacking ,  one  can  encounter  great  problems  on 
sewer  installations  particularly.   These  are  caused  by  the  casing 
being  driven  through  differing  types  of  soil.   For  instance,  a  clay 
material  could  be  encountered  at  the  beginning  of  the  bore-jacking 
operation,  followed  by  a  quick-sand  operation.   In  the  case  of  a 
sewer  installation,  the  casing  could  then  settle  through  the  quick- 
sand area  and  the  required  elevations  would  be  lost.  Instances  such 
as  described  above  have  occurred  in  the  City  of  Niagara  Falls,  and 
in  one  instance  it  was  necessary  to  drive  a  Jt2"  diameter  steel  casing 
to  ensure  that  sufficient  flexibility  would  be  allowed  to  permit  the 
installation  of  a  12"  diameter  sewer.   A  rather  costly  operation,  but 
at  times  necessary! 

vi)    Still  another  instance  of  undermining  that  sometimes  occurs  is  when 
the  contractor  is  changing  from  a  straight  open  excavation  type  of 
operation  to  a  sheeting  operation,  or  conversely,  changing  from  a 
sheeting  operation  to  a  straight  open  cut  operation.   On  occasion, 
a  different  soil  pressure  is  present,  which  results  in  an  undermining 
action.   When  this  type  of  situation  is  encountered,  I  would  advise 
that  the  elevation  of  the  adjoining  pipe  should  be  checked  to  ensure 
that  it  has  not  changed,  since  this  possibility  definitely  does 
exist . 

3)  Testing 

During  the  course  of  this  paper,  I  have  discussed  certain  tests  or 
checks  that  should  be  made  at  various  stages  of  construction.   At  this  time, 
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I  f ee L  mention  should  also  be  made  of  the  following: 

i)    Watermair  Tests  -  All  watermains  should  he  tested  to  assure  the 
ability  to  withstand  the  design  pressure  under  field  conditions. 
This  is  done  by  isolating  sections  of  n< w  watermain,  subjecting 
the  main  to  the  given  pressure  as  stipulated  in  the  specifications, 
and  holding  this  pressure  for  the  prescribed  time.   In  addition, 
all  new  watermain  installations  must  be  chlorinated.   Each  length 
of  pipe  niu-t  have  a  proper  amount  of  calcium  hypochlorine  as 
stipulated  in  the  specifications,  and  all  valves  and  accessories 
should  be  operated  during  the  chlorination  process.   After  a 
sufficient  time  has  elapsed,  the  mains  should  be  flushed  at  the 
extremities  of  the  water  line  until  the  water  Is  equal  chemically 
and  bacteriologically  to  the  permanent  supply.   It  is  essential 
that  the  line  be  properly  flushed  ti  ensure  that  the  chlorine  has 
been  reduced  to  an  acceptable  level,  sine-  a  severe  taste  or  health 
problem  could  result  from  over  chlorination.   Ea-~h  hydrant  should  be 
inspected  to  ensure  that  it  is  "plumb"  or  straight,  which  should 
be  the  case  if  a  watermain  was  installed  in  a  proper  manner  in  the 
first  instance. 

ii)    Sewermain  Tests  -  Preferably  after  the  sewermain  has  been  backfilled, 
filtration  tests  (infiltration  and  exfiltratien)  should  be  carried 
out  on  sewers  to  determine  if  the  installation  complies  with  the 
specifications.   Infiltration  tests  chould  definitely  be  carried  out 
if  the  sewer  line  is  installed  below  the  water  table.   If  a  sewer 
line  were  installed  in  a  completely  dry  soil,  a  more  appropriate 
test  would  be  an  exfiltration  test  on  the  sewer  to  see  if  the  sewer 
loses  water.   It  can  readily  be  seen  that  an  infiltration  test  on  a 
sewer  line  that  has  been  installed  in  a  completely  dry  soil  would 
prove  nothing.   Of  course,  if  the  soil  then  became  saturated  at  a 
later  date  during  periods  of  rain  falls,  a  high  infiltration  could 
result  which  would  not  be  desirable.   Hence  the  need  for  infiltra- 
tion and  exfiltration  tests  as  the  case  may  require.   In  addition, 
I  would  direct  your  attention  to  the  use  now  being  made  of _ such ^ 
devices  such  as  cameras  and  T.V.  apparatus  to  inspect  the  interior 
of  sewer  lines  after  they  have  been  installed.   The  above  means  of 
testing  sewermains  is  excellent  for  detecting  internal  flaws  in  the 
installation  such  as  cracked  pipes,  hanging  gaskets,  sewer  laterals 
that  protrude  into  the  sewer  line,  etc.   Ail  of  these  types  of 
flaws  would  be  difficult  to  detect  during  the  installation  of  sewer 
Lines,  particularly  if  the  sewer  is  of  a  small  size.   In  addition, 
the  T.V.  and  camera  inspection  can  detect  water  infiltrating  into 
the  sewer  line  and  also  any  sags  that  may  be  evident  in  the  sewer 
line  . 

ili)     Material  Testing  -   The  sewer  and  water  pipe  material  is  also  subject 
to  per' iodic  testing,  and  rigid  requirements  are  usually  set  down  m 
the  specifications.   Periodic  tests,  usually  by  independent  testing 
firms,  should  be  made  on  these  materials.   Most  specifications  re- 
quire  a  number  of  pipes  (at  the  owner's  discretion)  to  be  made  avail- 
able for  testing  at  no  cost  to  the  owner.   This  is  usually  limited 
to  2%  of  the  material  being  supplied  in  most  specifications.   This 
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iii )   Continued  .... 

avenue  should  be  followed  to  ensure  proper  materials  being  forwarded 
for  each  job.   It  is  much  cheaper  to  reject  the  pipe  before  it  goes 
into  the  ground,  both  from  the  owner's  point  of  view  and  the 
contractor's  point  of  view. 

4)   After  Construction 

One  of  the  most  important  aspects  of  sewer  and  watermain  construction 
is  good  PUBLIC  RELATIONS  with  the  people  living  in  the  immediate  area.  This 
is,  of  course,  very  important  during  the  actual  installation,  and  I  would 
suggest  that  one  means  of  effecting  this  is  to  keep  the  people  advised  on 
progress  being  made.   I  would  caution,  however,  against  making  promises 
that  cannot  be  met.   This  is  always  a  danger  and  must  be  guarded  against. 
While  the  contractor  may  have  installed  a  perfectly  acceptable  sewer,  in 
that  it  is  completely  straight  and  to  grade,  most  of  the  people  will  only 
recall  the  restoration  that  is  made  to  the  surface  after  the  sewermain  has 
been  backfilled.   If  the  street  is  left  in  a  muddy  condition  and  restora- 
tion is  not  effected  to  the  road  surface  for  some  time,  this  is  the  impres- 
sion that  is  left  with  the  people  abutting  this  street.   This  certainly 
does  nothing  to  improve  public  relations  on  the  job.   It  is  essential  that 
the  contractor  be  made  aware  that  restoration  is  necessary  immediately 
after  the  sewer  installation,  and  it  is  of  paramount  importance  that  this 
point  is  followed  up  by  the  inspectors.   Very  often  it  is  the  chief 
engineer  or  his  deputy  who  receives  these  complaints  directly,  and  this 
leaves  a  bad  taste  in  the  mouth  both  from  the  administration  point  of  view 
and  the  public's  point  of  view.   The  moral  of  the  story  is  -  anticipate 
the  problem  before  it  happens  and  make  the  necessary  rectifications. 

Good  clean-up  and  restoration  procedures  are  essential,  not  only 
for  good  public  relations  but  also  for  aesthetic  reasons.   In  my  opinion, 
any  restoration  to  pavement  or  concrete  cuts  should  be  to  surfaces  that 
have  been  properly  cut  with  an  appropriate  saw  in  the  first  instance.  This 
produces  the  most  favourable  restoration  from  an  aesthetic  point  of  view, 
and,  in  fact,  is  the  recommended  practice.   In  road  construction,  have  you 
ever  seen  a  new  surface  of  asphalt  "butted"  against  an  old  ragged  surface? 
I  think  the  answer,  generally  speaking,  would  be  NO  in  the  case  of  new 
asphalt  construction,  but  YES,  in  the  case  of  restoration  to  sewer  installa- 
tions.  The  aesthetics  of  a  finished  job  are  being  considered  much  more 
than  in  the  past,  and  this  progressive  trend  will  certainly  go  a  long  way 
in  improving  future  public  relations  and  in  improving  the  somewhat  tarnished 
image  of  the  Municipal  Official. 


The  above  remarks  have  centred  on  established  methods  of  construction. 
In  earlier  sections  of  my  paper,  I  indicated  that  new  methods  and  materials 
are  needed.   Two  such  methods  are  the  so  called  minor  and  major  badger  methods 
of  construction. 

At  a  recent  conference,  a  Mr.  David  R.  Ellis  and  Dr.  Ainsley  N.  Ede 
presented  a  most  informative  paper  in  which  they  suggested  that  the  badger 
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system  promises  to  be  the  most  significant  step  forward  In  pipe  laying  since 
the  time  trenching  machinery  replaced  hand  digging.   The  broad  objective  of 
the  badger  system  is  to  abolish  trenching  in  suitable  soils,  in  favour  of 
forcing  a  giant  blade  through  the  ground  introducing  the  pipe.   The  basic 
elements  of  the  system  include  a  knife-like  blade,  means  for  mounting  the 
blade  in  a  controllable  way,  an  opticle  datum  line  with  reference  to  which 
the  machine  is  controlled,  equipment  for  establishing  the  necessary  haulage 
by  traction  or  cable  pull,  anchor  equipment  for  resisting  the  cable  pull, 
equipment  for  installing  semi-rigid  pipe  such  as  P.V.C.  (Poly  Vinyl  Chloride), 
poly  ethylene  or  steel  pipe  utilizing  a  lubricant  where  necessary,  alternative 
equipment  for  feeding  down  the  semi-rigid  and/or   flexible  pipe, and  ancillary 
systems  for  pipe  connections,  telephone  ducting,  etc.   The  machines  presently 
being  used  are  for  installations  at  depths  of  9  ft.  in  the  larger  version, 
and  5*5  ft.  in  the  smaller  version.   Any  soil  lifted  occasionally  by  the  knife- 
Like  blade  is  noticeable  immediately  adjacent  to  the  blade,  and  is  quite 
negligible  at  lateral  distances  equal  to  20-40%  of  the  operating  depths, to 
each  side  of  the  proposed  installation. 

The  two  machines  are   designated  as  the  "major",  ar.d  the  "minor". 
When  accurately  graded  straight  pipes  are  required,  as  in  the  case  for  sewer 
installations,  the  "major"  is  controlled  by  reference  of  a  modulated  light 
beam.   The  transmitter  is  similar  in  construction  to  an  opticle  level,  and 
defines  the  line  above  the  ground.   The  blade  of  the  machine  is  locked  to 
this  line  using  photoelectric  cells  fixed  to  the  blade,  creating  a  passage 
for  the  pipe  at  an  even  distance  below  the  beam  and  parallel  to  it.   Both 
grading  and  steering  of  the  pipe  are  automatically  achieved.   A  graph  record 
shows  the  progress  of  the  machine  in  the  grading  performance.   The  methods  of 
introducing  pipes  are  alternatively  the  draw-in  system  for  semi-rigid  pipes, 
or  the  bead-down  system  using  a  duct  immediately  behind  the  blade  of  appro- 
priate radius  according  to  whether  the  pipe  is  semi-rigid  or  fully  flexible. 

Fully  flexible  pipe  is  used  principally  by  the  Badger  Minor  either 
in  the  form  of  Polyt here  pressure  piping,  or  in  the  form  of  corrugated  P.V.C. 
duct  and  piping  of  the  type  developed  for  land  drainage  purposes. 

In  the  aforementioned  paper,  it  was  indicated  that  the  Badger  Minor 
machine  had  been  used  for  work  in  the  United  Kingdom,  Germany  and  in  the  U.S.A. 
Pipes  of  installations  using  the  Badger  Minor  have  Included  -  rising  main  sewers 
utilizing  P.V.C.  or  poly  ethylene,  generally  in  diameters  up  to  12";  water 
supply  pipe  lines  using  similar  materials;  telephone  ducts  using  P.V.C.  ducts 
in  groups;  and  telephone  and  electrical  cables  which  are  generally  fed  down 
directly  off  the  reels. 

It  would  appear  that  the  Badger  equipment  can  normally  operate  in 
any  soil  conditions  short  of  solid  rock  at  one  end  of  the  scale  and  swamp  at 
the  other  end.   The  sheer  strength  of  the  soil  is  the  controlling  factor,  but 
indications  are  that  the  Badger  blade  can  penetrate  where  ever  a  hydraulically 
operated  bucket  trencher  can  operate,  and  under  these  circumstances,  an 
excellent  pipe  tunnel  is  produced. 

One  of  the  questions  raised  on  this  new  method  involves  the  protec- 
tion of  the  pipe  against  corrosion.   Anxiety  has  been  expressed  about  pulling 
the  pipes  through  the  ground  and  scratching  or  damaging  any  protective  coating 
of  the  pipe.   Mr.  Ellis,  in  his  paper,  indicated  that  new  coatings  have  been 
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developed  which  are  virtually  unscratchable .   In  addition,  a  reduction  has 
been  made  in  the  possibility  of  scratching  -  since  the  Mole  Expander  which 
is  pulled  through  ahead  of  the  pipe  exerts  a  tremendous  side  (outward) 
pressure  on  the  ground  as  it  forms  a  cylindrical  tunnel  into  which  the  pipe 
is  laid. 

The  Badger  System,  in  essence,  consists  of  a  large  knife-like 

blade  cutting  through  the  earth  with  a  bulk  head  of  sorts  at  the  bottom  form- 
ing a  tunnel.   The  pipe  is  then  pulled  through  this  tunnel,  thereby  negating 

the  necessity  of  an   open  trench. 

The  Badger  Major  is  the  machine  used  for  greater  depths  of  installa- 
tion such  as  9  ft.   The  gradients  of  the  pipe  installed  with  the  Badger  Major 
(for  sewer  installations)  have  varied  with  a  minimum  of  1  ft.  in  300  ft. 
The  profile  of  any  pipeline  installed  is  recorded  automatically  on  a  chart 
in  the  cab  of  the  machine,  and  it  has  been  proven  that  accuracy  of  +  0.5"  in 
600  ft.  is  usually  obtainable.   Horizontal  deviation  can  be  greater,  but 
apparently  practical  experience  has  shown  that  in  the  worst  cases,  it  should 
not  exceed  3".   This,  of  course,  is  sufficient  to  permit  visual  examination 
of  the  completed  pipeline,  and  it  is  usually  not  sufficient  to  interfere  with 
the  practical  operation  of  the  sewer. 

Of  course,  the  Badger  Minor  and  Badger  Major  machines  are  not  with- 
out disadvantages.   One  of  the  main  difficulties  in  Municipal  use  would  be 
the  interference  with  other  existing  underground  utilities.   However,  the 
machine  could  be  very  valuable  for  installations  in  areas  that  do  not  have 
existing  underground  facilities,  or  areas  where  exact  locations  and  depths 
of  various  utilities  are  known. 

In  any  case,  the  system  would  appear  to  have  great  merit,  and  it 
would  appear  that  the  use  of  the  machines  together  with  either  P.V.C.  pipe  or 
poly  ethylene  pipe  is  being  discussed  with  major  companies  in  Canada  at  this 
time.   The  method  will  certainly  require  careful  consideration  by  all  utility 
managements  in  the  near  future.   As  indicated  earlier,  this  could  be  a  major 
break-through  in  underground  utility  installations. 

While  this  paper  may  have  rambled  a  bit  from  time  to  time,  what  I 
have  attempted  to  do  was  to  illustrate  that  many  factors  go  into  producing 
good  construction  practices  for  the  installation  of  sewermains  and  watermains. 
It  is  my  belief  that  good  construction  practices  not  only  include  the  actual 
installation  procedures,  but  also  involve  all  the  resources  of  both  the 
contractor  and  the  owner.   It  is  my  hope  that  this  paper  has  emphasized  this 
point,  and  that  you  will  find  yourselves  in  agreement  with  this  theory. 

Thank  you. 


October  5/71 
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